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(54) SOLID HIGH POLYMER FUEL CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
solid high polymer fuel cell having high 
generating capacity per unit volume, 
manufactured at a lower cost. 
SOLUTION: This solid fuel cell has a 
power generating layer 1 composed of a 
film-like electrolytic layer 2 of a solid 
filtering hydrogen ions, two positive and 
negative conductive electrode layers 41, 42 

pinching the layers 2 from both sides and including catalyst layers 31, 32, and metal 
nets 51, 52 integrally joined to both sides surfaces of the electrode layers 41, 42. The 
power generating layer 1 is formed into a corrugated-sheet-like bumpy shape by a 
shape-holding function of the metal nets 51, 52, and is pinched by the separators 61, 
62 from both sides. Surface area of the power generating layer 1 connecting with fuel 
gas chambers 10 formed between the separators 61, 62 and oxidizing gas chambers 
20 is enlarged, consequently the power generating capacity is improved. Also, 
manufacture's costs are lowered because stainless-steel flat plates can be used as the 
separators 61, 62. 
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[Claim(s)] 

[Claim l]A solid polymer type electrolyte 
layer of film state which penetrates 
predetermined ion. 

A conductive electrode layer provided in both 
sides of this solid polymer type electrolyte 
layer, respectively. 

A septum component which counters each 
electrode layer of these and forms a fuel gas 
chamber and a oxidizing gas room among 
these electrode layers, respectively. 
It has a form supporter with rigidity which it 
is the polymer electrolyte fuel cell provided 
with the above, and said solid polymer type 
electrolyte layer and said electrode layer are 
fabricated by uneven shape, and holds this 
uneven shape. 

[Claim 2]The polymer electrolyte fuel cell 
according to claim 1 with which said form 
supporter is joined to at least one surface in 
one among said two-electrodes layers. 
[Claim 3]The polymer electrolyte fuel cell 
according to claim 1 with which at least one 
side contains said form supporter among said 
two -electrodes layers. 

[Claim 4]The polymer electrolyte fuel cell 
according to claim 1 with which said solid 
polymer type electrolyte layer contains said 
form supporter. 

[Claim 5] Said form supporter is a polymer 
electrolyte fuel cell given in either among 
Claims 2-3 currently formed by either among 
a metallic net, metal porous plates, metal 
nonwovens, and a metal fiber. 
[Claim 6]Said form supporter is a polymer 
electrolyte fuel cell given in either among 
Claims 2-4 currently formed by either among 
a resin network, a porous plate made of resin, 
a nonwoven made of resin, resin powder, and 
a resin fiber. 

[Claim 7]The polymer electrolyte fuel cell 
according to claim 1 in which said uneven 
shape is either among corrugated panel form, 
three-dimensional corrugated panel form in 
the Miura fold, and mesh shape uneven 
shape that a crevice and heights adjoined 
each other mutually and was allocated by 
mesh shape of a triangle or a quadrangle. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention 
belongs to the technical field of a polymer 
electrolyte fuel cell [it is also called the 
abbreviated name PEFC (Polymer 
Electrolyte Fuel Cell) and a polyelectrolyte 



type fuel cell]. 
[0002] 

[Description of the Prior Art] Generally a fuel 
cell is a kind of dynamo which acquires 
electromotive force by supplying the reacting 
matter of another kind, such as fuel gas and 
a oxidizing gas, to the two-electrodes part 
joined by the both sides across the electrolyte 
layer containing an electrolyte, respectively, 
and carrying out a chemical reaction to it on 
each electrode. However, unlike the usual 
dynamo, there is no portion which operates 
mechanically or dynamically in the inside of 
a fuel cell, and power generation only by a 
chemical reaction is performed. Since it 
differs also from the usual chemical cell, 
reacting matter is continuously supplied 
from the outside and output is discharged 
continuously outside, very prolonged 
continuation employment is possible and 
there is also no necessity for charge. 
[0003] Although there are some kinds of fuel 
cells, since employment temperature is 
usually as low as 100 ** or less, warm-up 
time of a polymer electrolyte fuel cell is short, 
and it not only ends, but since power density 
is as high as about 3 kW/m 2 , it has the 
outstanding advantage that a small weight 
saving is possible. So, as a power supply 
battery of the electro mobile containing a 
hybrid type, promising ** of the polymer 
electrolyte fuel cell is carried out most, and 
research and development are 
wholeheartedly done by every place. 
[0004]A polymer electrolyte fuel cell has a 
solid polymer type electrolyte layer 
containing the ionic exchange polymer 
electrolyte which penetrates proton ion (H + ), 
an electrode layer of the positive/negative 
which pinches a same layer from both sides 
and supports a catalyst bed, and a septum 
component (separator) which pinches a 
two-electrodes layer, as shown in drawing 14. 
Between both the septa component and the 
two-electrodes layer, the fuel gas chamber 
and the oxidizing gas room are formed, 
respectively. 

Fuel gas, such as reformed gas which 
contains hydrogen in both rooms, and 
oxidizing gases, such as air containing 
oxygen, are supplied from the outside. 
And a chemical reaction occurs by both the 
catalyst beds that received supplies with 
hydrogen gas and oxygen gas from both 
rooms, respectively, since the proton which 
penetrated the solid polymer type electrolyte 
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layer and had positive charge moves to the 
positive electrode layer side from the 
negative electrode layer side, electromotive 
force arises, and a generation action happens. 
As a result, since electric power occurs from a 
polymer electrolyte fuel cell, the electric 
power can be taken out to the exterior via a 
conductive septum component, and the motor 
M etc. can be driven. 

[0005]Here, the thing of a layer which has a 
generation action including a solid polymer 
type electrolyte layer and the electrode layer 
of positive/negative is made to call it a "power 
generation layer." The electric generating 
capacity of a polymer electrolyte fuel cell 
becomes settled fundamentally about the 
quantity of the fuel gas and the oxidizing gas 
which are supplied with performance [ fixed 
then ] (electrode efficiency) peculiar per unit 
area of the power generation layer which 
changes ring main into electrical energy, and 
the gross area of a power generation layer. So, 
the quantity of the electrical energy 
generated increases, so that the gross area 
(reaction surface product) of a power 
generation layer is large, when ring main is 
fully supplied. Therefore, since it is required 
to increase a reaction surface product in 
order to increase an output if electrode 
efficiency is constant, the size (capacity) of a 
polymer electrolyte fuel cell will increase in 
proportion [ almost ] to an output. 
[0006]Though the polymer electrolyte fuel 
cell developed on the other hand in order to 
carry in an electro mobile has a small light 
weight, it is required that it should have 
bigger electric generating capacity. As 
mentioned above, it turns out easily that this 
demand of obtaining high power though it 
has a small light weight since the size of a 
polymer electrolyte fuel cell increases in 
proportion [ almost ] to an output is a 
demand which carries out antimony. 
[0007]As conventional technology which 
meets such a demand, there is a fuel cell of 
composition of having been indicated by 
JP,H4-154047,A, for example. The gazette 
has disclosed the fuel cell (conventional 
technology l) with which the form of a power 
generation layer is held in the shape of a 
corrugated panel by the projected rim of both 
the septa component as provides a projected 
rim in the septum component (separator) 
which counters mutually in parallel mutually 
and the projected rim (rib) of one septum 
component engages with the slot between the 
projected rims of the septum component of 
another side. In this fuel cell, since a power 



generation layer is folded up in the direction 
which intersects perpendicularly with a 
projected rim, it becomes short and the 
reaction surface product per unit length 
increases, it is appealed for the electric 
generating capacity per unit volume of a fuel 
cell improving as an effect. 
[0008]The form attachment component of the 
porosity which has a projected rim of parallel 
trapezoidal shape mutually again between 
the septum component (and a fuel gas 
chamber and a oxidizing gas room) of both 
sides and a power generation layer is made to 
be placed between the gazettes, and the fuel 
cell (conventional technology 2) with which 
this form attachment component is mutually 
engaged, and pinches a power generation 
layer is also indicated. And it is appealed for 
the electric generating capacity per unit 
volume of a fuel cell improving as an effect 
for the same Reason as the above-mentioned 
fuel cell also by this fuel cell. 
[0009] 

[Problem to be solved by the 
invention]However, since a septum 
component with a projected rim (separator) is 
needed in the above-mentioned conventional 
technology 1 and the form attachment 
component in which the projected rim was 
formed in the above-mentioned conventional 
technology 2 is needed, structure will become 
complicated. Since it is necessary to process 
not only it but a power generation layer 
according to the position of the 
above-mentioned projected rim, processing 
with high degree of accuracy is needed also 
about a power generation layer. So, in 
conventional technology, the working 
man-hour of both a septum component or a 
form attachment component, and a power 
generation layer increases, and the 
inconvenience that the manufacturing cost of 
a fuel cell will become high arises. 
[0010]In the above-mentioned conventional 
technology 1, since the projected rim 
currently formed in the septum component 
exists, the channel (fuel gas chamber) of fuel 
gas and the channel (oxidizing gas room) of a 
oxidizing gas are narrowed, and there is 
inconvenience that an effective channel will 
become narrow. As a result, there is a 
possibility that the electric generating 
capacity of the power generation layer whose 
surface area increased with much trouble 
may decline. In the above-mentioned 
conventional technology 2, since a porous 
form attachment component is needed, the 
surface of a power generation layer does not 
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contact the channel of fuel gas and a 
oxidizing gas directly, generation efficiency 
falls, and also part mark will increase, and a 
manufacturing cost will become high. And 
since the porous form attachment component 
has contacted all over the electrode layer of 
the both sides of a power generation layer, 
unless it uses the porous material which has 
the quite high degree of puncturing in a form 
attachment component, it is not avoided that 
decline in generation efficiency becomes still 
larger. But if a septum component is formed 
from the porous material whose degree of 
puncturing is very big, a possibility that a 
septum component may break at the time of 
processing, or may be missing becomes large, 
and since the rate of the yield of a product 
falls, a manufacturing cost will increase 
further. 

[001l]Then, this invention makes it the issue 
which should be solved to provide a polymer 
electrolyte fuel cell with higher electric 
generating capacity per unit volume, and a 
more inexpensive manufacturing cost. 
[0012] 

[Means for solving problemjln order to solve 
an aforementioned problem, an inventor 
invented the following means. 
(The 1st means) The 1st means of this 
invention is the polymer electrolyte fuel cell 
according to claim 1. Here, a two -electrodes 
layer is formed from a conductive porous 
body which consists of carbon etc., and is 
playing a role of gas diffusion nature arid 
conductivity. Usually a catalyst bed which 
contacts a solid polymer type electrolyte 
layer and is supporting a catalyst of 
platinum etc. with a polymer electrolyte fuel 
cell is formed. 

[00 13]As for this catalyst bed, it is common to 
be joined and formed in the surface of both 
sides of a solid polymer type electrolyte layer, 
and although formed at a process different 
from an electrode layer in many cases, in this 
Description, a catalyst bed defines it as what 
is contained in an electrode layer as a part of 
electrode layer. In other words, it has stuck 
to both sides of a solid polymer type 
electrolyte layer, and a thing of a conductive 
layer which is supporting a catalyst is 
defined as what is called an electrode layer, 
an electrode layer - an operation of a 
catalyst - 100 ** or less " a power generation 
reaction occurs also at low temperature 
comparatively. Then, if a definition is the 
same, even if it puts an electrode layer in 
another way as a catalyst bed, it will not 
interfere. 
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[0014]In this Description, a thing of a 
multilayer object which consists of a solid 
polymer type electrolyte layer and a 
two-electrodes layer (a catalyst bed is also 
included) also including a form supporter is 
made to call it a power generation layer. In 
this means, a power generation layer which 
consists of a solid polymer type electrolyte 
layer and an electrode layer has a form 
supporter with rigidity which is fabricated by 
uneven shape and holds this uneven shape. 
So, even if uneven shape holding structures, 
such as a projected rim, are not formed in a 
septum component, uneven shape of a power 
generation layer is maintained at uneven 
shape as fabricated by a manufacturing 
process by the rigidity of a form supporter 
which a power generation layer has, i.e., 
rigidity which the power generation layer 
itself has. 

[0015]As a result, it becomes unnecessary to 
provide a projected rim for holding uneven 
shape of a power generation layer to a 
septum component unlike the 
above-mentioned conventional technology, or 
to provide a form attachment component of 
porosity which pinches a power generation 
layer from both sides, and holds the uneven 
shape, and is that the cost is cut down. Since 
a channel is narrowed by projected rim of a 
septum component, or contact with a power 
generation layer and ring main decreases by 
a porous form attachment component and 
electric generating capacity of a power 
generation layer does not decline, electric 
generating capacity per unit volume 
improves. 

[0016]Therefore, according to this means, it 
is effective in becoming possible to provide a 
polymer electrolyte fuel cell with higher 
electric generating capacity per unit volume, 
and a more inexpensive manufacturing cost. 
Also in this means, like the usual fuel cell, a 
septum component can be used as a 
conductive separator, a unit cell (a cell = 
much more fuel cell) can be laminated in 
series, and power generation voltage can be 
raised. A direction of laminating a unit cell of 
a polymer electrolyte fuel cell in this way 
rather, and constituting a fuel cell is carried 
out ordinarily, and is also a desirable thing. 
[0017]A reinforcing rib may be provided in 
the surface of a septum component in order 
to raise the rigidity of a septum component. 
Although a reinforcing rib is a kind of a 
projected rim, unlike a projected rim aiming 
at form maintenance of a power generation 
layer of the conventional technology 1, its 
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size is small and it ends. Since it is not 
necessary to form a reinforcing rib to all the 
crevices of uneven shape of not only it but a 
power generation layer, there are few 
reinforcing ribs and it ends. So, a 
manufacturing cost of a septum component 
seldom increases. Since a reinforcing rib does 
not moreover need to engage with all the 
crevices of uneven shape of a power 
generation layer, dimensional accuracy is 
also seldom required and most things which 
a man day of assembly processing with a 
power generation layer and a septum 
component increases cannot be found. As a 
result, it is possible to form a reinforcing rib 
in a septum component, without increasing 
most manufacturing costs of this means. 
[00 18] (The 2nd means) The 2nd means of 
this invention is the polymer electrolyte fuel 
cell according to claim 2. In this means, a 
form supporter is joined to at least one 
surface in one among two-electrodes layers of 
a power generation layer. A form supporter 
consists of metal thin wires, for example, and 
it is desirable like a wire gauze with coarse 
eyes that it is a good conductor in a porous 
material with a big void content. Since a form 
supporter with rigidity holding uneven shape 
fabricated in this means is joined to at least 
one surface in one among two-electrodes 
layers of a power generation layer, the power 
generation layer can maintain uneven shape 
fabricated with its rigidity as mentioned 
above. 

[00 19] Since it can make easily by methods, 
such as sticking by pressure, at the time of 
formation of an electrode layer, it is effective 
in a manufacturing cost ending inexpensive 
to join a form supporter to the surface of an 
electrode layer. Therefore, according to this 
means, it is effective in electric generating 
capacity per unit volume being higher, and a 
manufacturing cost becoming more 
inexpensive like the 1st above-mentioned 
means. By the way, as for an electrode layer 
by which a form supporter is joined to the 
surface, it is desirable to fully have three 
character of a form supporter, gas 
permeation nature to a catalyst bed currently 
supported to the solid polymer type 
electrolyte layer side facing in opposite 
directions, current collection nature from a 
catalyst bed, and shape retentively. When a 
form supporter is joined only on the surface 
of one side among two-electrodes layers, 
usually some gas permeation nature to a 
catalyst bed falls rather than an electrode 
layer of another side to which a form 
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supporter is not joined in above-mentioned 
one electrode layer, so, positive/negative it 
is desirable to check [ that it is theoretical 
or ] whether electric generating capacity with 
a higher direction in case a form supporter is 
joined to which electrode layer is acquired, 
and to join a form supporter to an electrode 
layer of a direction where higher electric 
generating capacity is acquired. 
[0020] (The 3rd means) The 3rd means of this 
invention is the polymer electrolyte fuel cell 
according to claim 3. In this means, at least 
one side contains a form supporter among 
two-electrodes layers. A form supporter 
consists of metal thin wires, for example, and 
it is desirable like a wire gauze with coarse 
eyes that it is a good conductor in a porous 
material with a big void content. Since a form 
supporter with rigidity holding uneven shape 
fabricated in this means is contained at least 
in one side among two-electrodes layers of a 
power generation layer, the power generation 
layer can maintain uneven shape fabricated 
with its rigidity as mentioned above. 
[0021] an electrode layer and one — or it is 
effective in a manufacturing cost ending 
inexpensive by the method of mixing a form 
supporter or its material at the time of 
formation of an electrode layer, since it can 
make easily to include a form supporter in 
the inside of an electrode layer. Therefore, 
according to this means, it is effective in the 
electric generating capacity per unit volume 
being higher, and a manufacturing cost 
becoming more inexpensive like the 1st 
above-mentioned means. 
[0022]By the way, as for the electrode layer 
containing a form supporter, it is desirable to 
fully have three character of the gas 
permeation nature to the catalyst bed 
currently supported to the solid polymer type 
electrolyte layer side, the current collection 
nature from a catalyst bed, and shape 
retentively. As for some gas permeation 
nature to the catalyst bed of 
above-mentioned one electrode layer, when 
the form supporter is contained only in one 
side among two-electrodes layers, falling is 
more common than the electrode layer of 
another side to which the form supporter is 
not joined, so, positive/negative it is 
desirable to check [ that it is theoretical or ] 
whether electric generating capacity with a 
higher direction in the case of the form 
maintenance object being contained in which 
electrode layer is acquired, and to include a 
form supporter in the electrode layer of the 
direction where higher electric generating 
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capacity is acquired. 

[0023](The 4th means) The 4th means of this 
invention is the polymer electrolyte fuel cell 
according to claim 4. In this means, the solid 
polymer type electrolyte layer which is the 
pars intermedia material of a power 
generation layer contains the form supporter. 
The nonconducing thing of a form supporter 
is desirable at a porous material with a big 
void content like a resin network with a 
coarse eye which consists of resin fibers, for 
example. Since the form supporter with the 
rigidity holding the uneven shape fabricated 
in this means is contained in the middle solid 
polymer type electrolyte layer of the power 
generation layer, the power generation layer 
can maintain the uneven shape fabricated 
with its rigidity as mentioned above. 
[0024]a solid polymer type electrolyte layer 
and one - or including a form supporter in 
the inside of a solid polymer type electrolyte 
layer can make easily by the method of 
mixing a form supporter or its material at 
the time of formation of a solid polymer type 
electrolyte layer. That is, while the polymer 
electrolyte material (for example, perfluoro 
sulfonic acid polymer) which forms a solid 
polymer type electrolyte layer has become 
soft first, heating temperature up is carried 
out in the temperature requirement where 
the characteristic as the electrolyte does not 
deteriorate. And it is possible to include a 
form supporter in one in a solid polymer type 
electrolyte layer by making the form 
supporter which bears the temperature stick 
by pressure in the state. 
[0025]Or the porous body of the film state 
which melts ion-exchange resin, such as a 
perfluoro sulfonic acid polymer which forms a 
solid polymer type electrolyte layer, in a 
suitable solvent, and has continuous pores 
with a solution, nothing, and insulation may 
be made to impregnate, and a solid polymer 
type electrolyte layer may be formed. In this 
case, if the porous body is formed from a 
reversible material (for example, 
thermoplastics), a solid polymer type 
electrolyte layer has a porous body as a form 
supporter, and will have a shape retaining 
function. 

[0026] The solid polymer type electrolyte 
layer containing a form supporter can be 
formed also by pouring in the 
above-mentioned electrolyte material into 
the hole of a porous body by furthermore 
piling up and carrying out heat pressing of 
the solid polymer type electrolyte material of 
film state to one side or both sides of the 



above-mentioned porous body as another 
method. Or the resin material of a resin 
network, the nonwoven made of resin and 
fibrous, or the shape of debris can be mixed 
in the electrolytic solution of the 
above-mentioned ion-exchange resin, and the 
solid polymer type electrolyte layer 
containing a form supporter can also be 
manufactured with methods for film 
deposition, such as the cast method and the 
blade method. 

[0027]A11 of a manufacturing method of a 
solid polymer type electrolyte layer 
containing these form supporters are 
comparatively easy for enforcement. 
Therefore, according to this means, it is 
effective in electric generating capacity per 
unit volume being higher, and a 
manufacturing cost becoming more 
inexpensive like the 1st above-mentioned 
means. By the way, a solid polymer type 
electrolyte layer containing a form supporter 
needs to have three character of the 
permeability of a proton which is a positive 
ion, insulation which insulates 
two-electrodes layer of each other, and shape 
retentivity. So, thickness is as thin as 
possible, and also a form supporter is a 
porous material with a big void content, and 
its nonconducing thing is desirable, and 
excelling also in a wettability with an 
electrolyte material is desirable. 
[0028] (The 5th means) The 5th means of this 
invention is the polymer electrolyte fuel cell 
according to claim 5. In this means, it is 
formed by either among a metallic net, metal 
porous plates, metal nonwovens, and a metal 
fiber, and is joined to at least one surface in 
one among two-electrodes layers, or a form 
supporter is contained at least in one side 
among two-electrodes layers. So, two 
operation effects which are roughly divided 
and are shown below are obtained. 
[0029] Since the conductivity (namely, 
current collection nature) of an electrode 
layer which has a form supporter in the 1st 
improves by leaps and bounds and a loss of 
electrical energy by Joule heat within an 
electrode layer is reduced, electric generating 
capacity improves further. In composition 
that a metal form supporter is especially 
joined to at least one surface among 
two-electrodes layers, conductivity improves 
in a point of contact with a septum 
component which is a separator which 
usually consists of good conductors, and 
contact resistance also decreases 
substantially. So, a loss of electrical energy 
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by contact resistance in a line of contact of an 
electrode layer and a septum component is 
reduced, and electric generating capacity 
improves further. 

[0030]It is easy for the 2nd to carry out the 
fabricating operation of the power generation 
layer to uneven shape, since goodness of a 
moldability by metaled plastic deformation 
will be obtained if a proper kind of metallic 
material is selected, and a manufacturing 
cost can be reduced more, therefore ~ 
according to this means an effect of the 2nd 
above-mentioned means or the 3rd means - 
in addition, it is effective in electric 
generating capacity which improved further, 
and very good processability being obtained 
simultaneously. 

[0031] (The 6th means) The 6th means of this 
invention is the polymer electrolyte fuel cell 
according to claim 6. In this means, it is 
formed by either among a resin network, a 
porous plate made of resin, a nonwoven made 
of resin, resin powder, and a resin fiber, and 
is joined to at least one surface in one among 
two-electrodes layers, or a form supporter is 
contained at least in one side among 
two-electrodes layers. So, two operation 
effects which are roughly divided and are 
shown below are obtained. 
[0032] Molding workability which was 
excellent in the 1st at the time of shaping to 
uneven shape by outstanding plasticity in 
which resin has an electrode layer or a solid 
polymer type electrolyte layer with a form 
supporter if a proper kind of resin material is 
selected into material of a form supporter is 
acquired. In addition to a shape retaining 
function, a form supporter which consists 
[ 2nd ] of resin materials can also give an 
operation as binding material, such as 
carbon which forms an electrode layer, to a 
form supporter in composition included in an 
electrode layer. So, it also becomes possible to 
form an electrode layer without the necessity 
of adding binding material other than resin 
as a form supporter decreasing and almost or 
completely needing binding material in 
addition to a form supporter. As a result, 
increase of a manufacturing cost taken to add 
a form supporter is almost lost. 
[0033]Therefore, when according to this 
means in addition to the effect of the 2nd 
above-mentioned means thru/or the 4th 
means good molding workability is acquired 
and a form supporter is further contained in 
an electrode layer as a binding material, it is 
effective in much more reduction of a 
manufacturing cost being obtained. Although 
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a solid polymer type electrolyte layer usually 
consists of a perfluoro sulfonic acid polymer, 
the softening temperature of the polymer is 
about 130 **. So, when adopting 
thermoplastics as the resin which forms a 
form supporter, it is desirable to adopt 
thermoplastics with the softening 
temperature near the above-mentioned 
softening temperature. 
[0034]Heating [ more than 100 ] of a 
perfluoro sulfonic acid polymer of even the 
heat-resistant temperature of about 10 ** 
knows that the characteristic as an 
electrolyte will deteriorate. So, as for the 
softening temperature, when adopting 
thermoplastics as a material of a form 
supporter, it is desirable that it is less than 
the above-mentioned heat-resistant 
temperature. As for the curing temperature 
of the thermosetting resin, when adopting 
thermosetting resin as a material of a form 
supporter for the same Reason, it is desirable 
that it is less than the above-mentioned 
heat-resistant temperature. 
[0035] (The 7th means) The 7th means of this 
invention is the polymer electrolyte fuel cell 
according to claim 7. The uneven shape by 
which a power generation layer is fabricated 
in this means is either among corrugated 
panel form, the three-dimensional 
corrugated panel form in the Miura fold, and 
the mesh shape uneven shape that a crevice 
and heights adjoined each other mutually 
and was allocated by the mesh shape of the 
triangle or the quadrangle. 
[0036]Since a fabricating operation to uneven 
shape can be easily performed [ 1st ] also 
when there is almost no elasticity in a power 
generation layer when uneven shape is 
corrugated panel form, a manufacturing cost 
which a fabricating operation takes is the 
cheapest. Therefore, it is effective in the 
ability to apply it not only to be able to 
control a manufacturing cost in this case very 
inexpensive, but when there is almost no 
elasticity in a power generation layer. 
[0037]Even if it compares when it is the 
above-mentioned corrugated panel form 
since a power generation layer is compressed 
[ 2nd ] about all the field inboard (that is, 
both directions in every direction) when 
uneven shape is the three-dimensional 
corrugated panel form in the Miura fold, 
surface area of a power generation layer per 
unit volume increases by leaps and bounds. 
As a result, electric generating capacity per 
unit volume of a polymer electrolyte fuel cell 
increases by leaps and bounds, for example 
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with about single figure etc. 
[0038] Since a channel (fuel gas chamber) of 
fuel gas and a channel (oxidizing gas room) of 
a oxidizing gas are making JIGUZAKU 
clothes basket (** face) crease form, a flow of 
fuel gas and a flow of a oxidizing gas which 
are usually laminar flow are disturbed, and it 
becomes easy to generate a turbulent flow. So, 
since fuel gas and a oxidizing gas of a 
two-electrodes layer always fresh to each 
surface of a power generation layer come to 
contact, electric generating capacity 
improves further. 

[0039]Therefore, it is effective in the electric 
generating capacity per unit volume of a 
polymer electrolyte fuel cell increasing by 
leaps and bounds in this case. Since elastic 
modification of a power generation layer is 
not required, also when there is almost no 
elasticity in a power generation layer, there 
is an effect that the fabricating operation to 
uneven shape can be performed easily in the 
three-dimensional corrugated panel form not 
only in it but the Miura fold. 
[0040] Since it is very hard to carry out 
buckling of the three-dimensional corrugated 
panel form in the Miura fold to the 
compression pressure from the septum 
component of both sides, strength of 
structure and its rigidity improve greatly. So, 
since sufficient rigidity strength is obtained 
even if it becomes unnecessary to attach and 
reinforce a reinforcing rib etc. at a septum 
component and the septum component is 
monotonous, it is effective in becoming 
possible to reduce the manufacturing cost of 
a septum component. 

[0041] When uneven shape is mesh shape 
uneven shape, it not only says that the 
surface area (reaction surface product) of the 
power generation layer per unit project area 
only increases, but it is not decided [ 3rd ] 
that the direction of the channel of fuel gas 
and a oxidizing gas will be a meaning. 
Namely, since the flow direction of ring main 
can be mutually set up in the arbitrary 
directions, fuel gas and a oxidizing gas can be 
passed in the direction which intersects 
perpendicularly mutually. Then, since the 
channel of the fuel gas in the outer edge 
section of a polymer electrolyte fuel cell and 
the channel of a oxidizing gas can be divided 
and made, the passage constitution as a 
system of a polymer electrolyte fuel cell 
becomes simple. About this advantage, even 
if uneven shape is triangular mesh shape 
and it is square mesh shape, there is no 
changing place. 



[0042]Therefore, it is effective in 
manufacture of a solid polymer type fuel cell 
system becoming easily and inexpensive in 
this case. 
[0043] 

[Mode for carrying out the invention]The 
following embodiments explain an 
embodiment of a polymer electrolyte fuel cell 
of this invention in such a manner 
sufficiently clear and complete so that a 
feasible understanding may be acquired by 
person skilled in the art. 
[Embodiment l] 

(Composition of Embodiment l) A polymer 
electrolyte fuel cell as Embodiment 1 of this 
invention has the power generation layer 1 
which consists of the solid polymer type 
electrolyte layer 2, the electrode layers 41 
and 42 containing the catalyst beds 3 1 and 
32, and the metallic nets 51 and 52, as shown 
in drawing 1. Further, a polymer electrolyte 
fuel cell of this example counters each 
electrode layers 41 and 42, and has the 
separators 61 and 62 as a septum component 
which forms the fuel gas chamber 10 and the 
oxidizing gas room 20, respectively between 
each electrode layers 41 and 42 and the 
metallic nets 51 and 52. 
[0044]The solid polymer type electrolyte 
layer 2 is a thin film of a perfluoro sulfonic 
acid polymer which is proton conductivity 
resin (proton exchange resin) of film state 
which penetrates a hydrogen ion (proton) 
with positive charge. If added in writing by 
reference, what is marketed with a trade 
name called Nafion, for example from Du 
Pont can be used for this resin layer. Since a 
thin film of a perfluoro sulfonic acid polymer 
reveals proton conductivity in the state of 
moderate moisture content, a steam is 
usually supplied from the exterior and 
moisture is held. However, since moisture 
arises in process of a power generation 
reaction in a polymer electrolyte fuel cell of 
this example, a steam does not need to be 
specially supplied to the solid polymer type 
electrolyte layer 2 from the exterior. 
[0045]Since thickness of the solid polymer 
type electrolyte layer 2 becomes reduction of 
internal resistance of a cell, its thinner one is 
desirable, but since a possibility that 
dynamic intensity may fall and a film may be 
damaged during manufacture and an 
employment operation will arise if too not 
much thin, moderate thickness is required 
from a demand on intensity maintenance. So, 
in the usual polymer electrolyte fuel cell, 
since thickness of the solid polymer type 
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electrolyte layer 2 was 10 micrometers more 
than 100 from about 50 micrometers, 
thickness of the solid polymer type 
electrolyte layer 2 of this example could be 
100 micrometers. 

[0046]The catalyst beds 31 and 32 are filmy 
layers applied and formed in the surface of 
both sides of the solid polymer type 
electrolyte layer 2. In this example, the 
catalyst beds 31 and 32 are formed as follows. 
Namely, particles which made a catalyst of 
platinum or its alloy system support mainly 
on the surface of carbon black first, What 
distributes and dissolved an electrolyte 
which consists of perfluoro sulfonic acid in 
alcoholic solvent, respectively is mixed, and 
an ink-like (namely, slurry form thru/or 
paste state) mixture is prepared. Next, the 
mixture is used and the catalyst beds 31 and 
32 are formed in both sides of the solid 
polymer type electrolyte layer 2. Formation 
of the catalyst beds 31 and 32 is based on 
direct spreading by methods, such as 
screen- stencil, or indirect spreading of 
transfer etc. 

[0047]Thickness of the catalyst beds 31 and 
32 is usually several micrometers to tens of 
micrometers, and a portion which is 
restrained by diffusion of reactant gas and 
actually contributes to a reaction effectively 
is set as optimal about an average of 10 
micrometers from a viewpoint of the range of 
several micrometers in this example. So, the 
catalyst beds 31 and 32 are mainly 
dependent on the solid polymer type 
electrolyte layer 2 about dynamic intensity. 
The catalyst beds 31 and 32 are thin films 
whose thickness is thinner than the solid 
polymer type electrolyte layer 2 a single 
figure, and are the porous thin films in which 
metal (platinum or its alloy) of a catalyst was 
supported by the surface of particles of 
carbon black. So, fuel gas and the oxidizing 
gas can infiltrate into an inside of the 
catalyst beds 31 and 32, respectively, and a 
power generation reaction occurs. 
[0048] When forming both the catalyst beds 
31 and 32, the catalyst bed 31 in contact with 
fuel gas and the catalyst bed 32 in contact 
with a oxidizing gas can also be optimized so 
that a presentation may be changed a little 
and electrode efficiency (efficiency of a power 
generation reaction) may become large. It is 
made, as for the catalyst bed 31 in contact 
with fuel gas, for a touch area with a steam 
for humidification to specifically become 
large. On the other hand, the catalyst bed 32 
in contact with a oxidizing gas is made into 



structure where diffusion of a oxidizing gas 
(oxygen) is made good and wastewater of 
produced water becomes easy. 
[0049] Carbon is used as a base material and 
the catalyst beds 3 1 and 32 and the 
below-mentioned electrode layers 41 and 42 
are common in that it is conductivity. So, in 
this Description, the catalyst beds 31 and 32 
define it as what is contained in the electrode 
layers 41 and 42 as a part of electrode layers 
41 and 42. The electrode layers 41 and 42 
except the catalyst beds 31 and 32 are 
conductive porous layers of a 
positive/negative bilayer which joins to the 
solid polymer type electrolyte layer 2 where 
the catalyst beds 31 and 32 are formed in 
both sides, and pinches the solid polymer 
type electrolyte layer 2 from both sides. Each 
thickness of the electrode layers 41 and 42 
except the catalyst beds 31 and 32 is about 
100-400 micrometers. 

[0050]The electrode layers 41 and 42 except 
the catalyst beds 31 and 32 need to be 
excellent in gas permeation nature so that 
fuel gas and a oxidizing gas can permeate the 
catalyst beds 31 and 32 easily. In order to 
achieve an operation as a conductive layer, it 
is necessary to excel also in electron 
conductivity. Then, after applying to the 
surface of the catalyst beds 31 and 32 a 
mixture which mixed a carbon staple fiber, a 
binding agent, and a carrier fluid object, and 
was made into paste state by the blade 
method, it is made to dry, and the electrode 
layers 41 and 42 except the catalyst beds 31 
and 32 remove a carrier fluid object, and are 
formed. 

[005l]Here, since it will become an obstacle 
when carrying out a fabricating operation to 
uneven shape later if a carbon staple fiber is 
not much long, it is desirable that it is 
moderate length and length has adopted a 
carbon staple fiber whose 
merits-and'demerits axial ratio is 1:5 to 
about 20 at about ten micrometers at this 
example. Although a dispersion type and 
dissolution type all are usable as a binding 
agent, in this example, a binding agent of a 
dispersion type acrylic emulsion system is 
adopted. So, although water is adopted as a 
carrier fluid object, since a binding agent 
does not remelt for moisture after desiccation, 
the electrode layers 41 and 42 except the 
catalyst beds 31 and 32 are formed stably. 
The mixing ratio of a carbon staple fiber, a 
binding agent, and a carrier fluid object is 
95 "5: 100 about in a weight ratio. Although 
this mixing ratio is set up in consideration of 
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workability at the time of spreading, or 
status lacunaris after desiccation, the 
characteristic of the electrode layers 41 and 
42 is influenced also with the same mixing 
ratio with form and a size of a carbon staple 
fiber and a binding agent. So, a number of 
the above-mentioned mixing ratio shows a 
temporary rule of thumb, and needs 
adjustment by a actual test result eventually. 
[0052]As a general tendency, if a ratio of a 
carbon staple fiber is made to increase, it 
corresponds, and if quantity of a binding 
agent is not made to increase, either, 
intensity of the electrode layers 41 and 42 
may fall and fear of exfoliation of material of 
the electrode layers 41 and 42 may arise. On 
the contrary, when there is much quantity of 
a binding agent, there is a possibility of 
electron conductivity falling, and also 
covering the catalyst beds 31 and 32 
superfluously, and barring contact with gas. 
Since the mobility of a mixture will fall if 
there are too few carrier fluid objects, it is in 
a tendency for the workability of spreading 
activities and a surface disposition after 
desiccation to become inferior (the electrode 
layers 41 and 42 except the catalyst beds 31 
and 32 are produced to a different body there, 
and). By methods, such as adhesion and heat 
pressing, it may join to the surface of the 
catalyst beds 31 and 32. So, the 
above-mentioned mixing ratio needs to be set 
up properly. 

[0053]In order to distribute a carbon staple 
fiber good in water which is a carrier fluid 
object, it is desirable to dissolve a 
surface -active agent underwater. However, 
since it is necessary to keep a surface -active 
agent which remains in the electrode layers 
41 and 42 from having an adverse effect on 
battery capacity, in this example, a non-ion 
system active agent is adopted as a 
surface -active agent, and it has added about 
0.2weight % to the above-mentioned mixture. 
[0054]When dissolution type polyvinylidene 
fluoride and a binding agent of a styrene 
system are adopted as a binding agent, it is 
common to use an organic solvent as a carrier 
fluid object, but it is also possible to use 
water for a carrier fluid object depending on 
a kind of binding agent to be used. In this 
example, thickness of the electrode layers 41 
and 42 except the above catalyst beds 31 and 
32 is formed in about 50-100 micrometers. 
The electrode layers 41 and 42 were thinly 
formed in this way because a shape retaining 
function was not required of the electrode 
layers 41 and 42, since a shape retaining 



*) 

function was borne by the metallic nets 51 
and 52 described below. 
[0055]The metallic nets 51 and 52 are wire 
gauzes with a coarse eye which consists of 
SUS316 stainless steel of 100 micrometers of 
wire sizes, and an interval of a stainless steel 
wire which forms the metallic nets 51 and 52 
is about 100-400 micrometers. The metallic 
nets 51 and 52 have the operation as a form 
supporter, and are joined to the surface of the 
two-electrodes layers 41 and 42 by thermo 
compression bonding in one. Under the 
present circumstances, a binding agent of the 
electrode layers 41 and 42 achieves a duty of 
adhesives of each metallic nets 51 and 52 and 
each electrode layers 41 and 42, and holds 
the metallic nets 51 and 52 to both sides of 
the two-electrodes layers 41 and 42, 
respectively. 

[0056] When junction power of the metallic 
nets 51 and 52 to the electrode layers 41 and 
42 is insufficient, if the above-mentioned 
binding agent is applied to a side joined to 
the electrode layers 41 and 42 of the metallic 
nets 51 and 52, sufficient junction power will 
be obtained. However, to apply carefully is 
required so that a binding agent may not 
form a film between eyes of the metallic nets 
51 and 52, and if it seems that a film is 
formed, it is good to blow and break a film 
through air etc. 

[0057]The power generation layer 1 which 
consists of the electrode layers 41 and 42 
which contain the solid polymer type 
electrolyte layer 2 and the catalyst beds 31 
and 32 as mentioned above, and the metallic 
nets 51 and 52 is formed. After an 
appropriate time, the power generation layer 
1 is involved in a heating roller of a gear-like 
couple, and hot forming is carried out to 
corrugated panel-shaped uneven shape 
(corrugated form). It is also possible to 
perform simultaneously junction in the 
electrode layers 41 and 42 by heat pressing of 
the metallic nets 51 and 52 and a fabricating 
operation by hot press to corrugated 
panel-shaped uneven shape with two 
metallic molds which overheating- roll or 
counter [ above-mentioned ]. 
[0058]That is, the power generation layer 1 
containing the solid polymer type electrolyte 
layer 2 and both ******** 41 anc i 42 has the 
metallic nets 51 and 52 as a form supporter 
with rigidity which is fabricated by 
corrugated panel-like uneven shape and 
holds this uneven shape. So, in order to hold 
uneven shape unlike a fuel cell of 
conventional technology, it is not necessary 
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to give the shape of special surface type to 
the separators 61 and 62, or to pinch a porous 
uneven shape attachment component 
between the power generation layer 1 and 
the separators 61 and 62. 
[0059]Here, since two sides of the power 
generation layer 1 of the same length will be 
formed to a base which the separators 61 and 
62 form if the power generation layer 1 is 
fabricated so that a vertical angle of uneven 
shape may be 60 degrees, for example, 
electric generating capacity of two times is 
acquired to the power generation layer 1 of 
flat plate shape. Thickness of the power 
generation layer 1 of uneven shape 
equivalent to an interval of the separators 61 
and 62 is about 1*2 mm, and one side of the 
power generation layer 1 is about 1.2-2.3 mm. 
[0060]The separators 61 and 62 which are 
septum components form the fuel gas 
chamber 10 where fuel gas, such as reformed 
gas containing hydrogen gas, circulates, 
respectively, and the oxidizing gas room 20 
where oxidizing gases, such as air containing 
oxygen, circulate among each electrode 
layers 41 and 42. It is formed from a plate of 
SUS316 stainless steel, since corrosion 
resistance is high, it excels in endurance, and 
the separators 61 and 62 are cheap also in 
cost, and advantageous. Here, when 
corrosion resistance runs short by the 
oxidizing gas side in the separators 61 and 62, 
only a side in contact with a oxidizing gas is 
good for both sides to gold-plate very thinly. 
[0061] Although carbon material which 
usually performed gas non-transmission 
processing now was used for material of the 
separators 61 and 62, since the material cost 
was expensive, by this example, a material 
cost adopted a cheap stainless steel plate. 
Since it is not necessary to form in parallel, 
and unlike the usual fuel cell or a fuel cell of 
conventional technology many slots can be 
used for the separators 61 and 62 while it has 
been monotonous, a conversion cost of the 
separators 61 and 62 is also cheap. 
[0062]The separators 61 and 62 which are 
septum components contact the wrap 
metallic nets 51 and 52 in each electrode 
layers 41 and 42, respectively, pinch the 
power generation layer 1, and form one 
single cell (unit cell). When the separators 61 
and 62 pinch the power generation layer 1, a 
gas-seal component keep two kinds of gas 
from being mixed with in the outer edge 
section, a spacing member for adjusting an 
interval of the separators 61 and 62, etc. are 
used. A join means of a bolt nut for each 



piping for supply / discharge of gas, an 
electric connection terminal for extraction of 
generated electric power, etc. being attached, 
fixing the separators 61 and 62 and each 
component, and fixing each single cell to a 
specified position, etc. is also used. 
[0063] Since it is so low that a generated 
voltage is less than IV in one sheet, a single 
cell of a polymer electrolyte fuel cell 
assembled as mentioned above is used for a 
single cell of only number of sheets which 
produces voltage needed, laminating in 
series. Thus, when two or more single cells 
are laminated, as for a single cell which 
adjoins each other mutually, the separators 
6 1 and 62 are shared mutually, and a small 
weight saving and reduction of internal 
resistance are achieved. 
[0064] (Operation effect of Embodiment l) 
Since a polymer electrolyte fuel cell of this 
example is constituted as mentioned above, it 
demonstrates the following operation effects. 
First, in order to operate a polymer 
electrolyte fuel cell of this example, fuel gas 
which reformed natural gas etc. to the fuel 
gas chamber 10, and increased content of 
hydrogen gas is blown, and a oxidizing gas 
which is the air having contained oxygen is 
blown into the oxidizing gas room 20. Since a 
power generation reaction seldom progresses 
in that case if the power generation layer 1 is 
ordinary temperature, it is the purpose of 
carrying out temperature up of the 
temperature of the power generation layer 1 
to about 80 **, and fuel gas and a oxidizing 
gas by which heating temperature up was 
carried out to some extent are blown. 
[0065]Fuel gas blown into the fuel gas 
chamber 10 reaches the catalyst bed 31 
which is a fuel electrode, passing along and 
diffusing the electrode layer 41 of between 
meshes of a net of the metallic net 51, and 
porosity, and is decomposed into a proton and 
an electron by the catalyst bed 31 
(H 2 ->2H++2e ). A proton (H+) produced in the 
catalyst bed 31 penetrates the solid polymer 
type electrolyte layer 2 with an ion 
permeation operation, and reaches the 
catalyst bed 32 which is an air pole of an 
opposite hand. On the other hand, oxygen 
has reached the catalyst bed 32 which is an 
air pole, being spread through the metallic 
net 52 and the electrode layer 42, this oxygen 
and proton combine in the catalyst bed 32, 
water is generated, and an electron is 
absorbed in that case (l/202+2H + +2e >H 2 0). 
Incidentally, an overall reaction which occurs 
with a polymer electrolyte fuel cell is a 
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reaction (H2+1/202">H20) by which water is 
compounded from oxygen and hydrogen, and 
while suitable moisture for the solid polymer 
type electrolyte layer 2 is supplied, exhaust 
gas containing a steam is discharged from 
the oxidizing gas room 20. 
[0066] So, an electron flows out of the catalyst 
bed 31, the electrode layer 41 and the 
metallic net 51 are passed in order, and it is 
outputted on predetermined voltage from the 
separator 61. And conversely, the metallic 
net 52 and the electrode layer 42 are passed 
to the catalyst bed 32 in order from the 
separator 62, and an electron flows into it. As 
a result, current is taken out from the 
separator 62 on predetermined voltage 
toward the separator 61, and a polymer 
electrolyte fuel cell comes to demonstrate a 
generation action. 

[0067] It roughly divides into an effect 
acquired by a polymer electrolyte fuel cell of 
this example, and there are the following two 
in it. First, the 1st effect will be increase of a 
generation output per unit volume, and if it 
puts in another way, it will be a small weight 
saving of a polymer electrolyte fuel cell. Next, 
there is the 2nd effect by cheap-ization of a 
manufacturing cost of a polymer electrolyte 
fuel cell. That is, in a polymer electrolyte fuel 
cell of this example, the power generation 
layer 1 which consists of the electrode layers 
41 and 42 containing the solid polymer type 
electrolyte layer 2 and the catalyst beds 3 1 
and 32 has the metallic nets 51 and 52 as a 
form supporter with rigidity which is 
fabricated by uneven shape and holds this 
uneven shape. So, even if uneven shape 
holding structures, such as a projected rim, 
are not formed in the separators 61 and 62 
which are septum components, uneven shape 
of the power generation layer 1, It is 
maintained at uneven shape as fabricated by 
a manufacturing process by the rigidity of 
the metallic nets 51 and 52 which are the 
form supporters which the power generation 
layer 2 has, i.e., rigidity which power 
generation layer 1 the very thing has. 
[0068]As a result, it becomes unnecessary to 
provide a projected rim for holding uneven 
shape of the power generation layer 1 to the 
separators 61 and 62 which are septum 
components unlike the above-mentioned 
conventional technology, or to provide a form 
attachment component of porosity which 
pinches the power generation layer 1 from 
both sides, and holds the uneven shape, and 
is that the cost is cut down. Since a channel 
is narrowed by projected rim of the 



separators 61 and 62 which are septum 
components, or contact with the power 
generation layer 1 and ring main decreases 
by a porous form attachment component and 
electric generating capacity of the power 
generation layer 1 does not decline, electric 
generating capacity per unit volume 
improves. 

[0069] Since the power generation layer 1 is 
formed in corrugated panel-like uneven 
shape as mentioned above and area (power 
generation reaction area) of the power 
generation layer 1 has become two times of a 
project area, electric generating capacity per 
unit volume of two times of the usual 
polymer electrolyte fuel cell is acquired. Here, 
it is because it is easy for other uneven shape 
to form the power generation layer 1 in 
corrugated panel- like uneven shape 
compared with fabricating the power 
generation layer 1, and an effect that 
fabricating-operation cost is reduced is also 
acquired rather than fabricating to other 
uneven shape. 

[0070]The metallic nets 51 and 52 with high 
conductivity have covered the surface of the 
electrode layers 41 and 42, and the electron 
which goes in and out to the catalyst beds 31 
and 32 does not need to conduct an inside of 
the electrode layers 41 and 42 with 
comparatively low conductivity covering a 
long distance. That is, from some nearest 
metallic nets 51 and 52, conductivity passes 
along an inside of the high metallic nets 51 
and 52, and conducts the catalyst beds 31 
and 32 even in the separators 61 and 62. So, 
internal resistance of a polymer electrolyte 
fuel cell becomes small, and electric power 
comes to be more efficiently taken out from a 
polymer electrolyte^ fuel cell. 
[007l]Therefore, it not only has a small light 
weight, but according to the polymer 
electrolyte fuel cell of this example, electric 
generating capacity per unit volume is higher, 
and it is effective in a manufacturing cost 
becoming more inexpensive. 
(Modification mode 1 of Embodiment 1) As 
the modification mode 1 of this example, as 
shown in drawing 2, enforcement of a 
polymer electrolyte fuel cell joined to the 
surface of only the electrode layer 41 by the 
side of the fuel gas chamber 10 in one among 
the two-electrodes layers 41 and 42 is 
possible for the metallic net 51 as a form 
supporter. 

[0072]In this modification mode, the metallic 
net 51 of 100 micrometers of wire sizes has 
caved in with heat pressing to the 
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5£)-micrometer-thick electrode layer 41. So, 
the metallic net 51 is joined to the electrode 
layer 41 by adhesion operation of a binding 
agent of the electrode layer 41 in one. Since 
the metallic net 51 is joined to the surface of 
only the electrode layer 41 by the side of the 
fuel gas chamber 10, there is no metallic net 
put to a oxidizing gas, and there are few 
worries about degradation by oxidization 
corrosion of the metallic net 51. So, 
inexpensive stainless steel etc. can be used in 
comfort as a material of the metallic net 51. 
Since there is no metallic net 52 by the side 
of the oxidizing gas room 20, the part and a 
manufacturing cost can be reduced. 
[0073]Therefore, according to the polymer 
electrolyte fuel cell of this modification mode, 
it is effective in still more inexpensive 
manufacturing cost and long life being 
realizable, maintaining an effect of the 
above-mentioned Embodiment 1 mostly. 
(Modification mode 2 of Embodiment l) As 
uneven shape of the power generation layer 1 
is changed from corrugated panel form of 
Embodiment 1 and it is shown in drawing 4 
and drawing 5 as the modification mode 2 of 
this example, enforcement of a polymer 
electrolyte fuel cell which is the 
three-dimensional corrugated panel form in 
the Miura fold is possible for uneven shape of 
the power generation layer 1. 
[0074]Here, the Miura fold is a folding means 
of a flat surface folded up in three 
dimensions, without producing a burden of 
distortion by dividing a flat surface into a 
division of a congruent parallelogram 
mutually, and repeating crest folding and 
trough folding properly, as a development 
view is shown in drawing 3. Even if a flat 
surface folded up by the Miura fold takes 
which division among the flat surface, 
neither stretch nor compression produces it 
locally like how for it to be equivalent and 
fold up usual. Incidentally, the Miura fold is 
how to fold up a flat surface suggested by 
Professor Miura of the Institute of Space and 
Astro nautical Science, and it is used in order 
to fold up and store a space structure of plane 
shape which has a large area like a solar 
panel to very narrow accommodation 
capacity at the tip of a launch rocket. 
[0075]In this modification mode, as again 
shown in drawing 4 and drawing 5, the fuel 
gas chamber 10 and the oxidizing gas room 
20 which are the channels of fuel gas and a 
oxidizing gas have bent in complicated 
clothes basket (** face) crease form. That is, 
the power generation layer 1 is compressed 



length and horizontally, and a project area is 
small so that drawing 3 which is a 
development view, and drawing 4 which is 
the top views in the state where left a 
channel and it was folded up may be 
compared and understood. For example, 
supposing a vertical size is folded up to one 
fourth and a horizontal size is folded up to 
one half, as for power generation reaction 
area, a project area will be compressed into 
one eighth as it is. 

[0076] Since a channel (fuel gas chamber 10) 
of fuel gas and a channel (oxidizing gas room 
20) of a oxidizing gas are making JIGUZAKU 
clothes basket (** face) crease form, a flow of 
fuel gas and a flow of a oxidizing gas which 
are usually laminar flow are disturbed, and it 
becomes easy to generate a turbulent flow. So, 
since fuel gas and a oxidizing gas of the 
two-electrodes layers 41 and 42 always fresh 
to each surface of the power generation layer 
1 come to contact, electric generating 
capacity improves further. 
[0077]Therefore, since according to the 
polymer electrolyte fuel cell of this 
modification mode electric generating 
capacity per unit volume increases by leaps 
and bounds and increase of a figure single 
[ about ] is expected, an effect of a small 
weight saving is also dramatically large. 
Since elastic modification of the power 
generation layer 1 is not required, also when 
there is almost no elasticity in the power 
generation layer 1, there is an effect that a 
fabricating operation to this kind of uneven 
shape can be performed in three-dimensional 
corrugated panel form not only in it but the 
Miura fold. 

[0078] Since it is very hard to carry out 
buckling of the three-dimensional corrugated 
panel form in the Miura fold to a compression 
pressure from the separators 61 and 62 
which are the septum components of both 
sides as again shown in drawing 5, strength 
of structure and its rigidity improve greatly. 
So, since sufficient rigidity strength is 
obtained even if it becomes unnecessary to 
attach and reinforce a reinforcing rib etc. at 
the separators 61 and 62 and the separators 
6 1 and 62 are monotonous, it is effective in 
becoming possible to reduce a manufacturing 
cost of the separators 61 and 62. 
[0079] (Modification mode 3 of Embodiment 
l) As the modification mode 3 of this example, 
as shown in drawing 6, enforcement of a 
polymer electrolyte fuel cell which it has in 
the separators 61 and 62 which have a height 
along each channel of fuel gas and a oxidizing 
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gas in Embodiment 1 is also possible. In this 
modification mode, the purpose which formed 
a height in the separators 61 and 62 will 
make not only heights of the power 
generation layer 1 which carried out not form 
maintenance of the power generation layer 1 
but corrugated panel-like uneven shape but a 
crevice contact in the separators 61 and 62, 
and will raise current collection nature. 
Namely, electric conduction distance which 
current collection takes will become half, and 
this modification mode will aim at halving 
internal resistance and battery capacity 
improving, if a part of separators 61 and 62 
collect a current also in contact with a crevice 
of the power generation layer 1. Naturally, a 
height of the separators 61 and 62 may be a 
component of batten plate shape which was 
formed somewhat thinly so that the fuel gas 
chamber 10 and the oxidizing gas room 20 
might seldom be narrowed, and was 
extremely stood at right angles to a flat 
surface of the separators 61 and 62. 
[0080] Since it is a product made from 
stainless steel like the separators 61 and 62 
of Embodiment 1 in the separators 61 and 62, 
it is desirable in cost to produce by press 
working of sheet metal. However, a height is 
manufactured as a separate part and you 
may join in the plate-like separators 61 and 
62 by solder attachment, welding, insertion, 
etc. 

(Modification mode of others of Embodiment 
l) Although the metallic nets 51 and 52 were 
adopted as a form supporter in Embodiment 
1 as a modification mode of others of this 
example, Enforcement of a polymer 
electrolyte fuel cell which replaced with a 
metallic net and joined metal porous plates, 
metal nonwovens, or a metal fiber to the 
surface of the electrode layers 41 and 42 in 
one is also possible. A operation effect almost 
equivalent to Embodiment 1 is obtained by 
this modification mode. Enforcement of a 
modification mode which is equivalent to the 
modification modes 1*3 to Embodiment 1 also 
to this modification mode is possible, and 
almost same operation effect is obtained also 
in each modification mode. 
[008l]Enforcement of a polymer electrolyte 
fuel cell for which a resin network, a porous 
plate made of resin, a non woven made of 
resin, or a resin fiber was joined to the 
surface of the electrode layers 41 and 42 in 
one is also possible as a form supporter of the 
above-mentioned Embodiment 1 further 
replaced with the metallic nets 51 and 52 as 
other modification modes. A operation effect 



almost equivalent to Embodiment 1 is 
obtained by this modification mode. 
Enforcement of a modification mode which is 
equivalent to the modification modes 1*3 to 
Embodiment 1 also to this modification mode 
is possible, and almost same operation effect 
is obtained also in each modification mode. 
[0082] When resin which constitutes a form 
supporter is thermosetting resin, it is 
desirable to use thermosetting resin which 
can be hardened at about 120 ** which a 
perfluoro sulfonic acid polymer which forms 
the solid polymer type electrolyte layer 2 
softens. Or when resin which constitutes a 
form supporter is thermoplastics, it is 
desirable to use thermoplastics which is 
softened and can be fabricated at about 120 
** which the solid polymer type electrolyte 
layer 2 softens. As for fabricating-operation 
temperature, in any case, it is desirable to 
perform the characteristic of the solid 
polymer type electrolyte layer 2 below 165 ** 
which begins degradation. 
[0083] [Embodiment 2] 

(Composition of Embodiment 2) As shown in 
drawing 7, it differs from Embodiment 1 in 
that it contains [ layers / 41 and 42 / 
two-electrodes ] in the metallic nets 51 and 
52 as a form supporter, respectively, and it is 
the same as Embodiment 1 in respect of 
others. [ of a polymer electrolyte fuel cell as 
Embodiment 2 of this invention ] 
[0084]A process until the catalyst beds 31 
and 32 are formed in both sides of the solid 
polymer type electrolyte layer 2 as for a 
manufacturing method of a polymer 
electrolyte fuel cell of this example is the 
same as that of Embodiment 1. After an 
appropriate time, a paste which carbon 
particulates and a binding agent are 
dissolving or distributing on a solvent or a 
carrier fluid object is applied by techniques, 
such as screen-stencil or blade printing, from 
on the metallic nets 51 and 52 put on the 
surface of the electrode layers 41 and 42. And 
if a solvent or a carrier fluid object 
evaporates, carbon particulates will be 
formed in the electrode layers 41 and 42 
which are the porous bodies mutually 
combined with a binding agent, and, 
naturally will be formed in the inside 
including the metallic nets 51 and 52 in the 
electrode layers 41 and 42. a wire size of a 
stainless steel wire formed in each metallic 
nets 51 and 52 differs from Embodiment 1 - 
each electrode layers 41 and 42 - it is 
selected thinly below at thickness (50 
micrometers). 
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[6085]After the power generation layer 1 is 
formed as mentioned above, the power 
generation layer 1 of a point which a 
fabricating operation is carried out to 
corrugated panel-like uneven shape, and is 
pinched by the separators 61 and 62 is the 
same as that of Embodiment 1. 
(Operation effect of Embodiment 2) In this 
example, since it is allocated near the 
catalyst beds 31 and 32 in the metallic nets 
51 and 52 which are form supporters and is 
selectively in contact, conductivity 
outstanding between the catalyst beds 31 
and 32 and the metallic nets 51 and 52 is 
obtained. Since it is close in the metallic nets 
51 and 52 even near the surface of the 
separators 61 and 62 and may be mutually in 
contact selectively also with a line of contact 
of the separators 61 and 62 and the power 
generation layer 1, conductivity outstanding 
between the metallic nets 51 and 52 and the 
separators 61 and 62 is obtained. As a result, 
since conductivity outstanding between the 
catalyst beds 31 and 32 and the separators 
61 and 62 is obtained, internal resistance 
decreases, and a loss by Joule heat decreases, 
and the power generation characteristic of a 
polymer electrolyte fuel cell is equivalent to 
Embodiment 1, or improves more than it. 
[0086]About other points, a operation effect 
of the above-mentioned Embodiment 1 and 
same operation effect are obtained. 
(Modification mode 1 of Embodiment 2) 
Enforcement of a polymer electrolyte fuel cell 
with which it replaces with a metallic net as 
a form supporter, and metal porous plates, 
metal nonwovens, or a metal fiber is adopted 
like the first portion of a modification mode 
of others to the above-mentioned 
Embodiment 1 as the modification mode 1 of 
this example is possible. The almost same 
operation effect as the above-mentioned 
Embodiment 2 is obtained by this 
modification mode. 

[0087] (Modification mode 2 of Embodiment 
2) Enforcement of a polymer electrolyte fuel 
cell with which it replaces with the metallic 
nets 51 and 52, and thermoplastics as a form 
supporter is added by the electrode layers 41 
and 42 as the modification mode 2 of this 
example is possible. That is, in this 
modification mode, the electrode layers 41 
and 42 are formed in the surface of the 
catalyst beds 31 and 32 by a replica method 
using paste state ink which mixed a 
thermoplastic resin fiber, a carbon staple 
fiber, a binding agent, and a carrier fluid 
object. A polyethylene film is used for a film 



for transfer. It may change to a replica 
method and the above-mentioned ink may be 
applied to the surface of the catalyst beds 31 
and 32. A method of spreading is good also by 
screen printing, and good also by the blade 
method. 

[0088]Under the present circumstances, 
resin which forms a thermoplastic resin fiber 
has a good wettability with a carrier fluid 
object or a binding agent, and selects resin 
softened at temperature which is about 120 
** which the solid polymer type electrolyte 
layer 2 softens. As such resin, polyethylene is 
mentioned, for example. In this way, after 
the plate -like power generation layer 1 is 
formed, where it carried out temperature up 
to temperature which is about 120 ** which 
the solid polymer type electrolyte layer 2 
softens and a thermoplastic resin fiber is also 
softened, the power generation layer 1 is 
formed in corrugated panel like uneven 
shape like Embodiment 1 or Embodiment 2. 
As a result, a polymer electrolyte fuel cell 
which adopted the power generation layer 1 
which has in an inside the electrode layers 41 
and 42 having contained a thermoplastic 
resin fiber as a form supporter is 
manufactured. 

[0089]In this modification mode, since a 
thermoplastic resin fiber does not have 
electrical conductivity unlike a metallic net, 
internal resistance of a polymer electrolyte 
fuel cell tends to increase rather for how 
many minutes. However, since the plasticity 
of the electrode layers 41 and 42 which 
cannot usually change most easily in the 
power generation layer 1 improves so that 
the following modification mode 3 and the 
modification mode 4 may explain, shaping to 
uneven shape in which the power generation 
layer 1 carries out elastic modification is also 
effective in becoming possible. 
[0090]Enforcement of a polymer electrolyte 
fuel cell fabricated and stiffened at 
temperature which is about 120 ** which 
replaces with thermoplastics, and adopts 
thermosetting resin as a resin material 
which forms a resin fiber as further 
modification mode of this modification mode, 
and the solid polymer type electrolyte layer 2 
softens is also possible. 

(Modification mode 3 of Embodiment 2) As 
the modification mode 3 of this example, as 
shown in drawing 8 (top view) and drawing 9 
(sectional view), uneven shape with which 
the power generation layer 1 is fabricated, 
Enforcement of a polymer electrolyte fuel cell 
which is the mesh shape uneven shape which 
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a crevice and heights adjoined each other 
mutually and was allocated by square mesh 
shape is possible. In this modification mode, 
a resin fiber which consists of thermoplastics 
or thermosetting resin as a form supporter is 
contained in an internal configuration of the 
power generation layer 1 like the 
modification mode 2 of the above-mentioned 
Embodiment 2. 

[0091] So, although a fabricating operation is 
performed to a metallic mold of a couple with 
which unevenness counters mutually on both 
sides of the power generation layer 1, a 
metallic mold in that case and temperature 
of the power generation layer 1 are not less 
than 120 ** which is the softening 
temperature of the solid polymer type 
electrolyte layer 2, and less than 165 ** 
which is the deterioration temperature of the 
solid polymer type electrolyte layer 2. When 
a resin fiber consists of thermoplastics, it 
cools the whole metallic mold after shaping, 
inserted into a metallic mold for molding, 
and the above-mentioned uneven shape is 
given to a thermoplastic resin fiber as a form 
supporter. When a resin fiber consists of 
thermosetting resin, the above-mentioned 
uneven shape is given to a thermosetting 
resin fiber as waiting and a form supporter 
for the resin hardening and becoming hard, 
inserted into a metallic mold for molding. 
[0092]It not only says that surface area 
(reaction surface product) of the power 
generation layer 1 per unit project area only 
increases, but it is not decided in this 
modification mode that the direction of a 
channel of fuel gas and a oxidizing gas will be 
a meaning. Namely, since a flow direction of 
ring main can be mutually set up in the 
arbitrary directions, fuel gas and a oxidizing 
gas can be passed in the direction which 
intersects perpendicularly mutually. Then, 
since a channel of fuel gas in an outer edge 
section of a polymer electrolyte fuel cell and a 
channel of a oxidizing gas can be divided and 
made, passage constitution as a system of a 
polymer electrolyte fuel cell becomes simple. 
[0093]Therefore, according to this 
modification mode, it is effective in 
manufacture of a solid polymer type fuel cell 
system becoming easily and inexpensive. In 
this modification mode, a point that contact 
with the electrode layers 41 and 42 of the 
power generation layer 1 and the separators 
6 1 and 62 becomes close to point contact, and 
internal resistance of a polymer electrolyte 
fuel cell becomes still higher is inconvenient. 
Then, it is good to apply conductive bonding 



»\ 

agents (thermosetting resin containing the 
end of silver dust, etc.) to a point of contact of 
the electrode layers 41 and 42 and the 
separators 61 and 62 as the measure, and to 
increase a touch area. 

[0094] (Modification mode 4 of Embodiment 
2) As the modification mode 4 of this example, 
as shown in drawing 10 (top view) and 
drawing 11 (sectional view), enforcement of a 
polymer electrolyte fuel cell by which the 
fabricating operation is carried out to mesh 
shape uneven shape which a crevice and 
heights of the power generation layer 1 
adjoined each other mutually, and was 
allocated by triangular mesh shape is also 
possible. Also in this modification mode, a 
resin fiber which consists of thermoplastics 
or thermosetting resin as a form supporter is 
contained in an internal configuration of the 
power generation layer 1 like the 
modification mode 2 of the above-mentioned 
Embodiment 2. 

[009 5] Also in this modification mode, the 
same operation effect as the modification 
mode 3 of above-mentioned this example is 
obtained. 

(Modification mode 5 of Embodiment 2) As 
the modification mode 5 of this example, 
enforcement of a polymer electrolyte fuel cell 
which replaced with a resin fiber and 
adopted a resin network, a porous plate made 
of resin, a nonwoven made of resin, etc. as a 
form supporter is possible in 
above-mentioned Embodiment 2 and its 
modification modes 1-4. The almost same 
operation effect as the above-mentioned 
Embodiment 2 and its modification modes 
1-4 is obtained by this modification mode. 
[0096] (Modification mode 6 of Embodiment 
2) Enforcement of a polymer electrolyte fuel 
cell with which the power generation layer 1 
is fabricated by three-dimensional 
corrugated panel form in the Miura fold is 
possible like the modification mode 2 of the 
above-mentioned Embodiment 1 as the 
modification mode 6 of this example. The 
almost same operation effect as the 
modification mode 2 of the above-mentioned 
Embodiment 1 is obtained by this 
modification mode. 
[0097] [Embodiment 3] 

(Composition of Embodiment 3) A polymer 
electrolyte fuel cell as Embodiment 3 of this 
invention has the function to hold corrugated 
panel-like uneven shape to catalyst bed 31' 
and 32' itself including a resin fiber 
(thermoplastics or thermosetting resin) as a 
form supporter in both the catalyst beds 31 
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and 32, as shown in drawing 12. 
[0098]That is, it consists of a catalyst (thing 
which made carbon support platinum or its 
alloy), an electrolyte (perfluoro sulfonic acid 
polymer), a conducting material (carbon 
material of good conductivity, such as 
graphite and carbon black), and a resin fiber 
as a form supporter in the catalyst beds 3 1 
and 32. It is a porous body so that gas can be 
spread good in the catalyst beds 31 and 32. 
[0099] On the other hand, addition 
impregnation of PTFE 

(polytetrafluoroethylene) resin, the carbon 
black, etc. is carried out in the electrode 
layers 41 and 42 at carbon textiles or a 
carbon nonwoven fabric, and it is formed. 
(Operation effect of Embodiment 3) In a 
polymer electrolyte fuel cell of this example, 
since there are catalyst bed 31' and a 
function to hold corrugated panel-like 
uneven shape to 32' itself, the almost same 
operation effect as Embodiment 1 and 
Embodiment 2 is obtained. 
[0100] (Modification mode 1 of Embodiment 
3) this example " modification - a mode 
one ■ ****** » a catalyst bed ~ 31 - ' - 32 - ' 
being enough — conductivity — it is " a case 
**** - a catalyst bed - 31 - * -- 32 - ■ 
removing - an electrode - a layer " 41 " " - 
42 " omitting a catalyst bed " 31 — ' - 
32 1 a separator ■- 61 ■■ 62 - direct contact 
■ carrying out - it may make . According to 
this modification mode, a part, material cost, 
and process cost omissible in the electrode 
layers 41 and 42 are also reduced, and it is 
effective in a manufacturing cost being 
reduced. There is not only it but an effect 
that the further improvement in electric 
generating capacity is expectable since fuel 
gas and a oxidizing gas touch directly in the 
catalyst beds 31 and 32, respectively and it 
permeates. 

[0 10 1] (Modification mode of others of 
Embodiment 3) In above-mentioned 
Embodiment 3 and its modification mode 1, 
since a resin fiber is contained in the catalyst 
beds 31 and 32 and the power generation 
layer 1 has elasticity under predetermined 
conditions, uneven shape of the power 
generation layer 1 is limited to neither 
corrugated panel form nor three-dimensional 
corrugated panel form in the Miura fold 
again.That is, it is also possible to fabricate 
the power generation layer 1 to mesh shape 
uneven shape which a crevice and heights 
adjoined each other mutually and was 
allocated by mesh shape of a triangle or a 
quadrangle like the modification mode 3 of 



Embodiment 2 and the modification mode 3. 
In that case, the almost same operation effect 
as each modification mode to which uneven 
shape corresponds is obtained. 
[0102] [Embodiment 4] 

(Composition of Embodiment 4) As a polymer 
electrolyte fuel cell as Embodiment 4 of this 
invention is shown in drawing 13, a form 
supporter is contained in solid polymer type 
electrolyte layer 2', and solid polymer type 
electrolyte layer 2 f is bearing a function to 
hold uneven shape fabricated in the shape of 
a corrugated panel. 

[0103]That is, an electrolyte alcohol solution 
of a perfluoro sulfonic acid polymer and 
powder of PTFE which is fluororesin were 
first mixed at a predetermined rate. After an 
appropriate time, bipolar membrane which 
consists of a porosity form supporter which 
consists of PTFE by the cast method, and a 
solid polymer type electrolyte which buries 
the pore was produced. Thickness of this 
bipolar membrane is about 100 micrometers. 
And the electrode layers 41 and 42 which 
contain the catalyst beds 31 and 32 in solid 
polymer type electrolyte layer 2' which is this 
bipolar membrane by the same method as 
Embodiment 1 were formed. 
[0104] (Operation effect of Embodiment 4) In 
this example, since a shape retaining 
function is given to solid polymer type 
electrolyte layer 2' itself, the electrode layers 
41 and 42 containing the catalyst beds 31 
and 32 are formed with emphasis on gas 
diffusion nature and a current collection 
function. As a result, according to this 
example, though it is inexpensive, it is 
effective in manufacture of a polymer 
electrolyte fuel cell excellent in electric 
generating capacity being attained. 
[0105] (Various modification modes of 
Embodiment 4) Enforcement of a 
modification mode which fabricated the 
power generation layer 1 to mesh shape 
uneven shape equivalent to a modification 
mode which fabricated the power generation 
layer 1 also about this example in 
three-dimensional corrugated panel form in 
the Miura fold corresponding to the 
modification mode 2 of Embodiment 1, and 
the modification mode 3 and the modification 
mode 4 of Embodiment 2 is possible. 
[0106] It is possible by giving high 
conductivity to not only it but the electrode 
layers 41 and 42 to reduce internal resistance 
and to raise electric generating capacity. It is 
possible to reduce internal resistance and to 
raise electric generating capacity at the same 
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time similarly it omits the electrode layers 41 
and 42 and improves the reactivity of a cell 
by giving the catalyst bed 31 and 32 the very 
thing high conductivity. 
[0107]There is a tendency for the almost 
same operation effect as the various 
above-mentioned corresponding modification 
modes to be obtained by these various 
modification modes. 

[Brief Description of the Drawings] 
[Drawing l]The sectional view showing the 
composition of the polymer electrolyte fuel 
cell as Embodiment 1 

[Drawing 2]The sectional view showing the 
polymer electrolyte fuel cell of the 
modification mode 1 of Embodiment 1 
[Drawing 3]The development view of the 
Miura fold which forms the power generation 
layer of the modification mode 2 of 
Embodiment 1 

[Drawing 4] The top view showing the uneven 
shape of the power generation layer of the 
modification mode 2 of Embodiment 1 
[Drawing 5]The sectional view showing the 
polymer electrolyte fuel cell of the 
modification mode 2 of Embodiment 1 
[Drawing 6]The perspective view showing 
the form of the separator of the modification 
mode 3 of Embodiment 1 
[Drawing 7]The sectional view showing the 
composition of the polymer electrolyte fuel 
cell as Embodiment 2 

[Drawing 8]The top view showing the uneven 
shape of the power generation layer of the 
modification mode 3 of Embodiment 2 
[Drawing 9]The sectional view showing the 
polymer electrolyte fuel cell of the 
modification mode 3 of Embodiment 2 
[Drawing 10]The top view showing the 
uneven shape of the power generation layer 
of the modification mode 4 of Embodiment 2 
[Drawing ll]The sectional view showing the 
polymer electrolyte fuel cell of the 
modification mode 4 of Embodiment 2 
[Drawing 12]The sectional view showing the 
composition of the polymer electrolyte fuel 
cell as Embodiment 3 

[Drawing 13]The sectional view showing the 
composition of the polymer electrolyte fuel 
cell as Embodiment 4 

[Drawing 14]The sectional view showing the 
concept of the usual polymer electrolyte fuel 
cell 

[Explanations of letters or numerals] 
l: Power generation layer 
2, 2" Solid polymer type electrolyte layer 
(perfluoro sulfonic acid polymer film) 



31, 32, 31, 32: Catalyst bed (porous layer 

which supported platinum) 

41, 42, 41, 42, 41, 42"- Electrode layer (porous 

layer which uses carbon as the main 

ingredients) 

51, 52, 51, 52^ Metallic net (as a form 
supporter) 

10: Fuel gas chamber 20 : oxidizing gas room 
61, 62, 61, 62: Separator (as a septum 
component) 
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[Drawing 3] 
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[t)rawing 4] 
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10 




[Drawing 10] 





[Drawing 8] 
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SB©-5^-73fc^t<:^«^f**^$nTV>5«^fc 
70 «tt^ffc&«^£ftT^*«,Mft#©*»iJ:») 

tfff £> ft 5 *\ Wf;: 65V 1 (i^f&W £ fitlg b 

{**fr$-es c tarn* lv„ 

[00 2 3] ($4 #J£) ^fBW©* 4 IR^R 
4K«©H(4:i«^S«««fi-e**. *¥8Ttt, 51 
«M©*WaWT**H{*iB#?S«iWK»(^ »tt« 

S*SSftm^flMi^©«fc-5fc> ffl?L*©:*:*ft£?Lll 

»©*IB©H«*5^?S«IHMilc-&Sftrf>*©T», 
fgSB{isuai©J: 5 Kg 6©W14T?j«»*ftfciao»« 

[0 0 2 4] Sfc, HttW^SiWISKJlfc-flrtcSfc 
ttHft»»?a{«!HMI©l*3»tj:}B«««pf***S-&S 
ci:(i, Sf*?§5#?^«»»«©0$l$lc^ttS##i: 
30 fcti ; e©a^}g-tfTt5<^©73&(c < i:0^ ^tc&L 

ffiT% ; e©SS(cj»^.5^tlc««F^jES$-tt.5Ci:tc 

[0 0 2 5] fc*W±, H#*^S!«»Jl»*«<«-r 

**7^;l/i»«©*?L*tud»S-eTEa{*Hli^?S!«» 
Stffi (fci:^.tf^pJ^14<Sflg) A^^SftTt^ft 

[0 0 2 6] $P>lcgiJ}£i:LTt±. ±IB^?Lf*©frffiS 
50 S»iS» : ?^m/gSM^JBfi!t-r.SCi:A^T'#i) 0 65i/> 



-4- 



ALT, 4HrXh&*7U-K8K*OJAIR^K:J:D. 

[0027] cn6o«ttfismMf&trH#af»?s* 

D3SH^*Sfcl^S»*#*«. i:C3T% 
i: ©HocottK^ t> T v c i: 
ttfaSK, »SH#^i:©iinttlcfcS*xT 

[0028] (sb 5 msb *&m<Dm 5 ^m±, 
crrs^mmw) immmcfo±L. mmmftvw 

»M6AH;V^*3lSi±T«. &JBSi<07&ttft& 

[0030] ig2tc 3giEft«&<D#s*m*§Sf n 

[00 3 1] Cm 6 ¥S) *$8BI©» 6 



(5) 1 1 -2 2 4 6 7 7 

s 

[0032] a§ it, mft&mtottmc&iEfrmmo 

T-nms%Bf$.?zc tomtit % 0 ^©^m, &#. 
[0033] Lfc*^T*#©fc«kti{f, mm<Dm2^ 

[0 0 3 4] /^-7;WDX;P7*>i3H';? 

[0035] (jg 7 #a> **w©« 7 ?aa, w^gi 

[0 0 3 6] W> 1 C3i!SJgtt*«J6«««T?a5*«^-fC 
^0 ^^©fiic^*PX^T*t^<DT% iSJ^iPIKS-rsSiS 

[0 0 3 7] Ig2tc, C3CiJg«^H}f#fDtC«tSH^7E 
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[0 0 3 8] $mi5X<DWi$& (ISfXi) *5«fc 

[0039] ^rztf-orcvm&ici*. wtfrmft^mm 

[0 0 4 0] H^9K<fc3H#7ci£&J£# 
Lie < UHDT% *S3t^lS^<fc < |S)±T3o 

[00 4 1] m3tc, WthBVitfmgttWthBViV&Z 

v., -r&fc--^ P5#x©^n7Dft*5wcffit©73ioji;: 
i&^3ci:#«-t?#3<D-r% ^tfxtsrffctetfxhS: 

a^^^w^co^x^Ai: lt (Dms&mmtfmmc 

[0 0 4 2] Lfc#-=>TC<Dif^Kf;i\ Hftigft-?^ 

nmm ~> x x ic & s i i >*> ®m 

[0 0 4 3] 

[*S6M l ] 

?^ J ^«jteti, mucTTs-t&oic, ®ft&ft?mmm 

MSH31, 32^011141, 42 
i:, #1^5 1, 5 2 11 1 t5o * 

1, 4 2lC*f|n]LT\ ^1114 1 , 4 2fcJ;^Ii 

5i.52 fDmczntentenJixw. i o^t/SHt 

14#Xg 2 0 £JBfi£-r -5 PI^SW t LT £D-fe7< b- 2 6 



(6) WOT 1 1 -2 2 4 6 7 7 

1, 6 2^r*-r§ 0 

[0 0 4 4] @f*^?^Sft?MM2(i, iEOm^fe 
ax;U7*>lEd<UV(D»JPT-S^o 
ttfTZ&o /?-7;W p x;l/7 * 'J veil 

[0045] m#HbftTmwMnm2<Dmma. wm<d 

^5k J SS¥Kil 2 £D^/1«, 1 0 0 ^ m £ Lfc 

[0046] js^/i 3i, 32i±, msmttmwMn 
$5. ^-mwrnx'^ mmm3 1, 3 2irA<D&vicv 

vn*<m lt, H»«^?^m«ss 2 ©MEicte^e 

3 1, 3 2«it5. M113 1, 3 2dMlt X 
^ 'J->ffiBiM^73?S(i:J;5itS^feSV>{i3t^to 

[0 0 4 7] rnmmz 1, 3 2©IP*{i, il^atSC/im 

5££tlT^3o ^n*x, Mi@3 1, 3 2li, 73^W 
40 ^^filco^T(i> ±lc@^«»^«)»H®2{i:fic^ 

ltv^Sc m^3 1. 3 2«, m&7ibft?mmmm.m 

J;D-^ft1±*'Xti:, fnftl«ii3 1 . 3 2<Dftmc 

So 

[0 0 4 8] 1MS13 1, 3 2%mf8.?Z>mc. MU 

so mm 3 2 tit. %Tmi&*mz-Tw®$hm <M.n.Kfc<D 



-6- 



// 

ttHKtt, ]TO#x£gfe£T5«!g/i3 Hi, ansa!© 

[0 0 4 9] ft*5, A-#^l#i;LTSfflSnTfe 
*>. mm&T'&Z>t^?&-VMMm3 1 , 32i:&xE© 
m&flH 1, 4 2fctt#»-r«. *SBfflS* 

T*a, «s&®3 i , 3 2 a, 4 1 , 4 2©-gpi: 

LT1I14 1. 4 2Ed*n«t)Oi:£*t5. Jtttt 

I3i, 3 2^i<iSM4i, 42i±, mmicmmm 
31,3 ztfte&ztiT^zmwmttmmnm 2 tc 

Sc-aL, H(*»5^fS!«IIIKJB2*SHII*^J««-r*iE 
i|-Jf(D#«tt©£?LH«T'&&o Mii3 1, 32^ 
BtKSffil4 1. 4 2©JP2fi. V^-ftlfe 1 0 0~4 0 
0 /imSSt'SSo 

[0 0 5 0]M«13 1, 3 2*i<tH!4 1, 4 2 

fzttctblc. W : ?&m&lc$>&tlT^Z&&tf&%o t 
CT%tt^B3 1, 3 2^i<lffii4 1, 4 2li, * 

ttKLfcfi^tt*. MMW3 1. 3 2C8IIC7U-K 
[0 0 5 1] lCT% *-jR>®«Bltt±**D*t''i:» 
maS-pfiJSIIltft^ 1 : 5~2 0g«OA-*yi«i 
*HSSCTT*{i x-r X/- <— : >s 3 > $ << ~7<D T >7 U v/U 
jHttW 3 1. 3 2»<lil4 1. 

4 zt,mi£.\mi8.i£ftz> a His. *-#>ismm£mm 

£Jt*?t>W»i4 1, 4 2 0«Ht3&««**«lt5. * 

[0 0 5 2] — )&WS:<«lR)i:LT«\ #-#>5§lili© 
Jt**JttftlS«*i:, #I&l,Tie»SI©**fci»ta£-& 
&^fciI14 1. 4 2©3£g#<£TU 1S14 1. 

4 2o»s<o»a*osn3b^i;4ci:t»*. ate *s 



(7) ftMPP 1 1 -2 2 4 6 7 7 

ttii3 1, 3 2*l«C«ILrL«l>^XfcOS» 

S^©«tf!lttaM£"F-f £©T, ^{'^©fFli'tt- 5 ?^ 
*1*©*B5te:R;^»fcfcSttfafcfc* (*c T-S'J^tc 
M113 1, 3 251(1114 1, 4 2*rfP§aLT*5 

mm^myvxm<D^mici:K), mmm3 1,32 

/o [0053] iMWiftTa&STkofK:*-*^ 
H&MtZ-&-a3<££tmtZU,\ fcffU ti!4 1, 

ffiS5tt*ltLT*l'*>*JS1«!l*»fflUT43»), _fcJE 
[0 0 5 4] fcfc, mi£mz.&M$'f7<D#V7v1tV 

ffl-TSC tfeRj^T'^So *^fife0IJT*fi, JU±©ftHftj| 

3 1, 3 2^<1II4 1, 4 2 ©!?£«:, 5 0—1 
0 0 nmmffiC&f&ZtlT^Zo 1114 1. 4 2 5C 

2icio rj^R««F«ftiA^aton* ot, mam 4 1 , 

4 2tcJBtt«J$^#H#Sttftt">*^-T?*3o 

[0 0 5 5] ^115 1, 5 2lt ill0 0/;mOS 
U S 3 1 6Xf>l/Xlfr645IOfiV^»-pfeo 

30 It. 1 0 0~4 0 0 fimm&V&Zx, &miffl5 1 , 5 2 
(4. LT©fM!*t> "5, ifl!4 1. 4 

2 OSiEfclWEtlL i !)-f|:SSK»^S nt^4. Ceo 

m. mmm 41. 42 &&mm 51. 52 

i:Mi!4i, 4 2fc©S*SI©«:B**fcU MS 
164 1, 4 2©SSffi(C^n ; fn^Sa§5 1 . 5 2^S 

[00 5 6] 1114 1, 4 2 fC*fr 5 

1, 5 2©&^>A^Jg^5if^{C{i\ &JgiiH5 1 . 5 

2cDwmm4 1,42 tste-r smk. ±iB*s»s>j*£ 

*^I«5 1, 5 2©B©fIg^;:K2:J£fi)cLTLf:fc>;S:<^ 
<fc?^ci£jiLT^t-£c£:tf£^gT\ J: 

[00 5 7] W±© J: ^ LT, H^»?Smft?MS 
2t, Hi@3 1, 3 2^1114 1, 4 2i:, # 
Ii5 1, 5 2fca»64S36«JBltfrafiKStlSo LA- 

1 izmmvi<D— ti<Di)umv-Mcmg&£ 

^^3. ^Ji»5 1, 5 2<Di^l/XtJ:5Sg 
50 14 1, 4 2'\©Stefc, atBgttOBaaJBtt'vOioJKl 
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Tz>—-o<o&m\z. ii-oxm^'iTo c 1 1 °jmx&z> 0 

[0 0 5 8] H#W^S!*»«»2feJ:lf 
MSmHS4 1 , 4 2£"§"tyf8BS 1 fix i£ffi#;<DIH]£] 

M&**>"3mtsm#i£ LT<D&mm 51.52 
%o zti^x. i!&&ffi(Dijmnm£m%:*), warn®. 
zun-rz>rctt>ic, 1 . 6 2 tc^mss 

t> x £*LR©l!3i!MBtt«#Sra*58BB 1 

[00 5 9] lCT% ^Jx.(flHfl^cD]1^^6 Ofi-c? 
*5<fc3£f8B»l*J««-rtttfr, -fe><U--*6 1. 6 

2*^^-r5j£atwLTH— (D&f£<D%mm 1 ©- a 

AWStl5<Dt% ¥IBBtt©fSBB lK»LT-te© 
5&Bfl£*J*M#e>n*<, &*3. t/<U-?6 1. 6 2 
PHCffiar*iai5»«©»«JilOJP*{4, l~2mm 
IST'6!), f£BB 1 <E>— 22«: 1 . 2~2. 3mmgfi 

[0 0 6 0] mmmtx-ibzizrtv—z & 1 , 62a, 

§1114 1,42 ircDnmc^n^ft, 

&m#xm(omHtfxti i timTzmm#xm 1 o«t, & 

OSrJEfirrSo -fe/^— £6 1 , 6 2 fi, SUS3 16 

65, CCT*. •fc^l'— ^61, 6 2 EfcV^TBfttttf 
x«TBB*tt*>^S-rs«#fc:H\ BfbttrffX 

[0 0 6 1 ] ^:*5. -fe/^b-^ 6 1 , 6 2CD#£HCt±, 

susnir « attmmym&m l ft # ffiffl 2 
mnnmtm^-oXs &WLGm&¥fftefB&t*&mfi 

2tDiPietfg«T'fe^o 

[0 0 6 2] PlBSPtJT'^«.-t:/^-^6 1. 6 2«\ 
fnfn§lil4 1, 4 2?:I^Ii5 1, 5 21C 

^©fiSt-r^c. -t^u— * 61,62 #5smj§ 1 *as$-r 

lC-tZfi7.$'—}imt J P. 6 1,6 2©Pi8fil 

SfttiBGteES^ BBarnfcBaoB!) 

6 l, 6 2*5.£tf&gB#£:@3£U #*-fe;l/*m^&B 



(8) mmW- 1 1 -2 2 4 6 7 7 

[0063] mft<D&oicLxm&-±Lxe>tircmfti$ft 

©««©Bir/i/tfttWfc:«B£ftT«ffl2*i3. coi 
3Ktt»©Bfc>l/#«B£*iSRfc:, Si^lcRD^S* 
-trAb— £ 6 1 , 6 2 %SVtc«^LT/J^6 
fift i: SI$Jgin©{£M £ *<0 <b ft 5 0 
[00 6 4] (5yfe0>J 1 OfffflJtt*) **Sfifi»JcDHi*^ 

^Mi}xm%&&.LX7kmisx<o-$jim*m j PLrcj!m 

tfXSr^jA^ BfbttA*X^2 0lcB**^7c^ 

■e*sKfttt*x*^aiitr 0 *-<db, ftnm 1 #Bis 
bb$ 8 o °cmmicmmtz swt-, &&g&&n£i#ig 

[0 0 6 5] jKBBjSTXBl OtClfttii^nfcKS^X 
t±, &li*@5 1 ©BB©|lfl*5j:tf£?LJl<DBBB4 1 

20 iloT, &«&Lfc#6j&!ftffiT&5ft8gB3 lfclU 
14113 1 Xfu Y>LW?tKftmt£n%> (Hz -*2 
H' +2e") 0 1113 1 T"4t;r;ynh> (H* ) 
t±, ^*>»»fftI*fconf*tffch?3!BBK»2:&a 
SALT, 5*Ml!|cD££[BTa53tt8Ul3 2Cit5. — 
7^ tt&B 3 2 ictj, &mi® 5 2 fc«fctfBBB 4 2 £rii 
ttTitftoL£tf&2««T-**tt«B3 2 ICWRAHBL 
T*3D. c©B*fc:/nh>i:;&Mfc^LT7.k#£j«* 

fOBff««fn5 (1/2 02 +2H* + 2 
e- -+H2O) o 13&*IC, H(*B^SHB««?fi-pie 

io cs^Kjgtt, ft* S*#^j«sn*£*& 

(h 2 +1/202 -»H2 0) xh<o, mtm#=? : §m. 

[0066] ^ft^>^ m&mz i *>siiB?^gatti 
t> «&B4 1 iszrj&mms i %m\cftLx-t'*is— 

I3 2EB, -tr/^b— 5 6 2 7b^^S83 5 2*5 e fcO r SH 
^4 2^r)ll{c^bT, B^SEA-T*. f©il, -tr^ 
b-^6 2^?>-tr/^b-^6 l^\[Sj^oTm^O*£E-e 

[0 0 6 7] *B*fiff>J©H(*Bi^fS!ll8«B*»!:«fe Off 
6*l**&»fc:H\ *t<WT*01OA^5. 5fe-fB 

1 OSSBtt, ^fifiafcf;: 0 <D¥£nthtl<Dm±X& K> » 
SSBmjfBf^B^SIjlKSBffiO/J^BBBffc-PfeSo 
^»cB 2 B*K«^S««B»OBifl3 X h 

fiBB-ptt, B(4:B^S!BBKB2«J:CfMBB3 
1, 3 2*^tyBSB4 1, 4 2*>64Sa«iltt, 

50 Hfl««»cj«»snrfe*?. ^o, cocafl»tt*«» 
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?zm i &*t>-Dteisiun&£ isT<D-&mm 51. 5 2 * 
tez>3c>2,&mm5 1 , 5 2<d»h±, T*t>%5zmm 1 s 

^OfeoWttfcioT. §S!itj®gT^£nrdi9©IHl 

[0 0 6 8] ^Ol^m. ituj£©^3fc&fl5£:fig&D, Pi 
MgWT'2S5-t:;SU-£ 6 1,62 1 <D\H}<EhB 

5„ £fc, Pl^gC^T'fe^-tr^U— £6 1 . 6 2©^ 
* o TIEWB li:fiA*Xt <4ofcDL 

[0 0 6 9] J^iltt, fu*E©<fc?fc?&1£#© 

So 

[0 0 7 0] ?P>fC, l^lMEf$^feci^IS5 

131, 32 'NtBA j±«««ae»*«« 
n*<ea*«4v\ -rat-fe, ttii3 l, 3 2ti, at 

34^(CS5^H^5 1 , 5 20-^5, If fifW 
il^Ml5 1, 5 2©|^gp*a^T> -bAl^-^6 
1, 6 2fc£T»afSe *tl«>*. H^»5^?1!«S» 

s«s»«^ 6 * »> a * n * * 5 tc * * o 

[0 0 7 1] Lfc^oT**fifiPJ©Bf*i^^SjK^m 

sear* as « tf *■» t> r-& < . «3t n x h 9 a 
($£0v 1 (D&rnmm 1 ) ^mm<D^mmm 1 t l 

T, @2t^-r<fc^H:, i««»#tLT<D#I^5 1 

mmmm4 1, 4 2©His*"xii offi!i©m@ 

[0072] *SB^eir'ii, mztts 0 //m©m@ii 

i <o«»»j©«»fffflic«fe *s» 4 1 fc-ttttta 
osnn^. mna^mi om<Dmmm4 iff 



(9) RfMT 1 1 -2 2 4 6 7 7 

16 

iKD&mic&mms 1 nTi^s©T\ *{ttt?? 
ss&fko^E^^^^o ^n^*, &sas5 io»Bi 

T'£S„ SHt14#X^2 0{|iJ©^SISi5 2Wz 

[0 0 7 3] LfctfoT, #^«g«©@#ig#?Sj& 

/o fc</-"53&S*<&£„ 

(*S6»y i ©s^«« 2 ) *nmm<Dmzmm 2tL 

H4feJ:tfB 5 tenets 1 ©ISi£bJ£#t 

ttH}f*T 9 tc <fc *=^»«^?*SH{Mft^?S« 
^ttrfi©^as^Rj^ T-j&^o 

[0 0 7 4] dCT%/sg^j^{j:, jg3£j|)ggp &^ 
-f<fc?lc, ¥®£SWc^&¥fTea20g©EBf;:#*J 
U iaiEtcaiyft) t&lftK) tZMI tick r>. m 
^©LtJ^-a-^U^C ^ft< H^7ra^tcfffpgt?yB 

w^m©=?i «fc o Tfg**nrc¥ffi©j/f o a^^ 

[00 7 5] SO : 0 4*5<fcr>*^5ti:^ 

ti^t, ^**x*5 < ta'^fk14**x©^gST'fe^^ 
io ^fxsi oteiytftMxf 2 0ii> a$tftWSi (o 

-55>) SftlJg^cSfnft^oTVSo -Tftt>%, 
T-fe«@3i:, aiSS^LTf/fOSSnfc^©^®^ 

[0 0 7 6] Sfc, <g«*"X©?JltgS (18**Xf 1 0) 

sn, aaR*'a*L j f>r<&* 0 ^n*^.. sin© 

11114 1, 4 2©Sgft, Hf£«r»!S:j|BSj5fXfe 
[0 0 7 7] L/cA^T, *^««©@(*«^S^ 

ts^u i^-ffi©it^MiAsns©T% /j^esft© 

50 *-5H^7cKSJg«fCtt. fift® l©ff^}gjb^^? 
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[0 0 7 8] HffiWOfc£SH:^S«J&K 

1—26 1, 6 2ft^6©EI8E&K*tLTtt«>T&JBl, 
£<^©T% «Bift*J:rfPWtt*«*#<lSLi: , r*. 

3W*&Bttfc<4D» t/<l/-*6 1, 6 21JW? 
&oT&+#fc»J133£«* ,t f# £ft£©T\ -fe^b-2 6 
1, 6 2<Dm&=iXh*1&m-tZC£WtiimiC%:Zt^ 

[0079] («s6^i i om&m 3 ) tgrnmomz 

5-t^Ix-^6 1 ' , 6 2' *^rSHf**» 

T, . 62' {C^figP^figLfcBW 

tt, 3HW 1 <D&ViU&X*l±%: < , «««OHiaJKtt* 
Ltcfmm 1 ©i&g&Etm±ft < H«H::t»-tr/<U-* 6 

r , 62' ^aste-ST* *me^(6]±^^ < fc-5h^ 

■5 £>©-£-&£„ -r*t>-6, *gJBJB*H\ f§mSl©E3 
gWCfc-t^L*— #6 1 • , 62' O— gP*^gLT*« 

©T'fc^c MSM. 1' , 6 2' ©2§jgg|5 

«, 0 fcitfKffrKtfXS 2 0 

^61' , 6 2' ©¥ffiK»i«K£T&nfc*IBK©SP 

[0 0 8 0] &*5, -te/^-* 6 1' . 6 2' m& 
m 1 ©-tr/^— # 6 1, 6 2 £ fflmc X-r > UXSi^T 
fes*->p>, 7uxjtax-z?ftS|-rs;r fctfnx hWfctig 

1* , 6 2' i:g^LTiit>4^„ 

(jissct i ©«&©£»**) *nmmcoz<Di&<Dm 
mmmt lt, ussgi i 5 1 . 

[008 1] gfc. iuj£©^S£#!l 1 ©^^©ffeco^ 

mm&tLz, &mm5 1. 5 2ic^^^«}ti*^ 
mmm-kazmmm 41.42 ©tic-TOtt^L 



(10) #|asp 1 1 -2 2 4 6 7 7 

;« 

(D&mmm 1 ~ 3 ttas-r ssjptt*©***^!^^* 

[0 0 8 2] «*«i«**«iaM-*ttW!§*HI!8Sffc 
•T«^-7;l/^-ax;l/7*>K^U^*^:{t-r5 l 2 0 

tfMt* 1 2 0"Cgfin?4fc{tLTfi£^T5Cfctf-e£ 

t , OMiscaBAtt mfo^hft^mmmmm 2 ©#14^ 
[0083] mmm2] 

(MffiM 2 ©*&j£) #^©fS|Sfc0IJ 2 £ LTOSffcia^ 

0 7fc^-r<t^t. wiii4 i' , 

20 4 2' tfBVzUnfotLT0)£imM5 1 ' , 5 2' *f 

[0 0 8 4] a^l*«9©H#K»?S««Wfi©«aa^F 
Stt, @^iS^^S»HB2 0Kffi^«jKB3 1. 3 

fcti^tfcLTl/^^-X ^f&B 4 
1, 4 2 ©SSlcBfrtlfc^JgiHS 5 1 ' , 5 2' <D±.1r> 
P., X^'J->E(lBiJSfcli:^U- KEPJM3S©^i4lc «fc t> 

t'W«il4 1' . 4 2' *^fig?n, ^^5Sffi®4 
1* , 4 2' {i^OrtSPlc^JlfflS 1 , 5 2^t* 
^?n-5o M18S5 1' , 5 2* ^MtS^f^l/ 

x*t»oi»gj4, §y&#!ii ^s*'?, #mss4 r . 

4 2' mi (50/im) «TEKl£SnT^5, 
[0 0 8 5] «±©<fc3»cLT5£MlJtflB«Sftfc 

a, f§«e 1 «js««coiai5^«{csSc^iax$n, -t^ 
v-z 61,62 tc«#*ns^t±, 1 tmm-u- 

40 $>%> 0 

54115 1' , 5 2' ^ «113 1, 3 2 0i£^fC 
SBK^n, 8P»Wt{i»«LTV«OT, tt&B3 1, 

3 2 i:^iiffl5 1 • . 52' tcDF3T°mtirzmw&t>m 

e.n-5o S6(c, t^l/-^6 1, 6 2i:fi!m®li:© 
SttBn. f<U->6 1. 6 2<D*BB<DififlSk:S-e 
iil5 1' , 5 2' #Jfi8LT*5t>, gP»W(i:{iS0> 
fCSftfeLTI/^CtfefeSOt?, &Ii5 1' , 5 2' 
i:-tr/^-^ 6 1.62 t<DW\V&tlftmWttim&tl 
50 *<D!fe%k. te!im3 I, 3 2i:MU-^6 1, 6 
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[0 0 8 6] ^©te©/&l;:o^TJ2, mi&<D$&faffl 1 CD 

(.mmm 2 nmemn 1 ) ^mmm^mmm 1 1 l 

[0087] (usswi 2 (D^mmm 2 ) *-mm\<j>me> 

LT<Dm*jm&®mt>\ 1114 1, 4 2(c^n*nT 

*%BMmas^T it, ti§4 1. 42 a, m^j 
m&mmmm t x-xymmmtmmm t ftm.m& t * 

it, #yifi/>7^;bi,«jn5„ ft*>\ mmm 

lc&Z.TM%km3 1 . 3 2(0*Mtc±|B-)'i/^^r^L 
[0 0 8 8] C©fgl, ^ffiH&^ii^/SLTV^ 

&<ihft?mmmmm2tim{tT2> 1 2ox:mm<Dum-? 

mt?Z>mm*mi£.?2>o £<D£o&®m£L,Tlt. 

*® 1 tfBi&-£tirc'&. mi^M^mmmmm 2 

?Z> 1 2 0°CgS<OSfiS-Z?#SLT^Rj^14«Bg^*i 

fe»:ftL/c«ffiT\ mmmi ^rcitmmm2tmmic 

1141, 4 1 £8U8 L/c@«cl«»^ 

[0089] ^Bmmvit. m^m^mmm-h^m 

14 1, 4 2 ©Rj§Itt#|6)±-r £©T\ 1 ##SS 

[0 0 9 0] ftib\ *S»»BO«644ffiefl«tL 
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(^ssw 2 (o^mmm 3 ) *nnm<D£Bmm 3 1 l 

HU^<DSIiSf!l2 0^!g«2i:|BI«JC, 

/o [0091] ^n^*, fig^saxfisoMciaifi^Miqi-r 

5— *f©£SfC?£Sjl 1 fctfc/L,T?Tfc>ftS*\ ^©gi© 

©iftfbi&STfifcS 1 2 0tH±> *^o, aftiS#?§« 

mnm2<D'£\kM.mreibz> 1 6 5ic*»-efcs. wastR 
*^B!fti±»flg^ e> ft 3 *-s-tc it. mmmo&mic a, 

7?i:i:|f383III*<®{bLTB3;S©*f3-S, JgttG&ffti: 
[0 0 9 2] *g}g*«TH\ iHKJHfflS»ffiaafc») 

(D&mmicomwm (Mismm) wmx+st^sieif 

T-«ft < , «fi#Xfc J: tf»fbt£:tfx©j5ftgs©;£ffo#— 
SfCifcSoTti^ft^o t^t>^, P5#X©ifttt;£flRJ* 

[0 0 9 3] LfcaVpT, *^ffi«tC«tn{f, S^ft 
i§4 1, 4 2i:Ml/-^6 1, 6 2fc©S»*^gE 

^{cjs< ft t» . H{**^aji8s*fa©rt»att**s e> 

141, 4 2tMl/-^6 1, 6 2tOMKi* 

40 [0094] (uss^j 2 ©gj^tt^ 4 ) *mmm<Dmm 

i«4^LT> 0 1 0 CTB5H) *5cfct>*0 1 1 (»fffi 
m.B SOX * fx T v ^ S(tffi^$!j|8£Mt%©gffi[ t °Th6 

[0 0 9 5] #^B!88lfc*JVTfc, HU^©*^Sa^|£D 
50 S»MWt3i:R«©fffflJ»jR3y»6n*. 
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mmm 2 v&gmm 5 ) *&mm<»msmNk 5tL 

m<Dmmm 2 is&zfzvm&m® i~4t mmmoft 
[oo96] mmm 2 nm&m. 6 ) *mmm<D^B 

[0 0 9 7] [HS60IJ3] 

r . 32' a, mv:Gm#£VT<Dwmmm &mm 

[0 0 9 8] -T&fclS, ft&««3 1" . 32' li, Mi 

s 0 mmm 3 1* , 32' it. ^fx*^»Kit*-r*<: 

[0 0 9 9] —75", «®1 4 1 " . 4 2" Ji, tf> 
W»Sft{i*-jP>^F«*C, PTFE (stfU7^^7 

(§Hlfc0iJ 3 ©flsfflJ»S) *ie»ei©H(*K5^?SljBS* 
i%Mii3 1' . 3 2' gmc&fott<D\Hl£hmtf. 

*Mntzmi&tf&z><DT\ nmm 1 &£zfmmm2 1 

[0100] mmm 3 <D^mmm 1 ) *%mm<Dme- 
mmitLr, m«ub3i' , 32' jc+#£?pme# 

«4il3 1' , 3 2' »<fi!4 
1" , 4 2" **>&U tttt»3 1 ' . 3 2' £-tr/<U 

-^6i, 6 z £*m®&m-£*tTt>£\,\ *^mmm 

»C«fcfttf, 1114 1" , 4 2" 

1' . 3 2' \C*tl?ftt&nJSX$S£ZfWtit1ii}X&m. 

[0101] (*aiW3©t©ft6oajg»aD bg 

1' , 3 2' K«»«lt*«r$ftT43?K mso*ftT 
T*Sifg®/t 1 Efflttt^a&*©-P» 1 <0E3ia)B« 

Hff ft 0 fc <fc « = ^Tcift IHBttK IBS 2 ft 
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5Cttf4i\ -T*t>%, *S60ij2£DS»^3*5J;a : 
tffc. f^»i^s!tJg-r&ci:fcoJ66T*;fc3 0 ^cD«-& 

[0102] mmm4i 

mmm 4 q«u&) *5m<ommm 4 1 ltoim^ 
$ ft mam^un t s mm* mwm^mmmn.m 

2' tfloTl^, 

[0 10 3] -r&*>*.$fc1\ A-7;P*nx;l/7tvi 
P T F EO»*t*BfSO|iJ^-pa^tft 0 LfrS«x 

^xb&tcfcOPTFE ^nmmviun^. 

^•M^ftS/Lfcc, CO«^ii01Jtt 1 0 0/imgSfT- 

20 2' mmmi £mm<Djjm?mmm3 1, 32^ 

£?S1S® 4 1 , 4 2%KLft 0 
[0 10 4] «Ii4 0»l) B 

t^z<dt\ mmm 3 1 , 3 2*-gtmmm4 1,42 

mtgTj ic sft ^ H{*K^s!«»«?ao«^ Rit&c a 
[0105] mmm4<D&imBmm ^nmmic-D 

30 ^Tt, *«5ff9i<D«JBJI8«2»::J*jSf *=jf#r0K:«fe 

ffiFii 2 co^mmm. 3 * Ao^jgjiitK 4 tcti^-r ^*B@t«c 

[0 10 6] fntffr5T?B4<, 1M4 1. 4 2 tC 

ftnmti&fa±2-&%c £&njm?&z 0 mmc mm 
i3i, 3 2&mcia^mwt*t>rz-&2>c£ic£*). 
mmm 41,42 ^*as LTS?s©sf£;tt^iSJ6s t m 

[0 10 7] cn60*iS8ei«£J:oTt>, suMcO 
[BSOffiJU^KOS] 

[e 1 ] mmm 1 1 LT©H(*»5^f sttsswisow 

im 2 ] HfiS«Fij 1 oy&BWSk 1 ©Bi*i«»?S!j|8«« 
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im 5 ] mum 1 <o$mtm 2 (om^^mmnm 
[06] -£mmi<D%zmmm3<D-t'<u-$<DBvttt 
[0 7 ] 2 1 ltoh^^^? mmnmm<Dm 

[08] ^«j2O^te«3<DSIS®t0IH] I £l^^ 
^¥"50 

[09] nmm2<DmBMm3<Dmft^ft?-m®mn 
[010] uss^i 2 (o^mmm 4 ©futscoHQjBttfc 

^-r i Fii0 

[011] ussfij 2 4 <Dm#isft?mmmm 

[012] H»j3i:LTO@#«^^^Sffi©« 
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[0 13] *6£#|4 i: LTOH^iS^^^mitecoS 

e)c*^-r»i®0 

[014] m^omwM^mmnmmnm^^-rm 
mm 

1 :%m® 

2, 2' : @i*^?§ym«KB (^-7WPX;P7 

31, 32, 31', 3 2- -.mmm (&&*m#Ltc 

41, 42, 41', 42'. 41", 42" : MMM 

51. 52, 51', 52' : OE^fi^fti: L 

T) 

1 0 : VmiS^m. 2 0 : KfttttfXS 

61. 6 2. 61', 62* : (PSggWi: 

LT) 



[01] [02] 




[03] 



UJKr'J 

U 




[0 4] 
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(15) 



1 1 -2 2 4 6 7 7 



[011] 



[012] 





im 1 3] 




[0 14] 



mum* (-b/fu-f) = c 
nn&m •■ c 
mmm ■■ pt 



e- 



«5 

I 



n n n n n n rV 



H4SIJH 



Pt" 

C 

C 



u u u u u u 



1/20 2 +2H + +2e--H20| 
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(16) l&mW- 1 1 -2 2 4 6 7 7 
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